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I. INTRODUCTION

Nitrocellulose-based propellants are widely used throughout the military
and civilian areas in guns and rockets. There are almost as many different
procedures for analysis as there are propellants. Even in the area of liquid
chromatography, frequently, more than one procedure is used in the analysis of
the propellant. Most techniques have been designed to answer a specific
question about the purity or amotnt of two or three ingredients. However,
most propellants have at least three or four original ingredients and fre-
quently one or two other reaction products that can be easily extracted.

Since these ingredients can be extracted into a solvent it would seem
logical to try to analyse for all of them at one time. Early efforts centered
on developing separations using silica columns such as Corasil II and eluting
with non polar solvents such as hexane, methylene chloride, and dioxane [1-14].
A major difficulty to this in the past has been that silica columns are dif-
ficult to work with. Precise control of water, alcohols, and other polar
ingredients is necessary to obtain reproducible retention times and amounts.

II. BACKGROUND

Chromatographic efforts slifted to reverse phase separations with the
advent of permanently' bonded phases and Improved equipment. Re'erse phase
columns do not have the problems that silica columns do. Materials are
separated on differences in their nonpolar segments rather than in their polar
segments as in silica columns. Currently over 80% of all HPLC separations
are performed 3n reverse phase columns [15], but investigators, have expressed
difficulty in obtaining good ieparations of complex mixtures with the binary
solvent mixtures commonly used [16-18]. Nonetheless, analysis times have been
shortened from 10 to 12 hours using the older MIL-STD-286B methods to less
than one hour using HPLC [19-20].

Recently, significant interest has beer observed in using more than 2
solvent systems with C-18 columns. Manufac.arers have started producing qPLC
equipment that can pump 3 or 4 solvents simultaneously. The reason for a
multi-solvent system is that separations are accomplished by more than dif-
ferences in polarity. Snvder [21] has proposed that solvents should he
classified as to three properties: proton acceptor, proton donor, and dipole
interaction. It is believed that these properties make the major contribu-
tions to separations in' HLC. Kirkland [22] has developed a procedure con-
sisting of 7 experiments which can be used to predict the best solvent
composition for separating ingredients in a mixture. A program was undertaken
to develop a procedure that will separate the maximum number of commonly used
propellant ingredients possible.

Previo'isly [231]a procedure was described where with a series of 7 experi-
ments th2 separation of up to 10 propellant ingredients would be optimized.
The procedure is not one that should be used for every unique analytical
problem encount'ered but shows great promise for the occasionally difficult
cases and for repetitive analysis. In production facilities this latter case
will he of significant aid. Frequently, several samples of the same material
require rapid analysis each day. It is not unusual for more than one for-
mulation to be in production at the same facility. Isocratic separations are
desired for their reproducibility and turn around time, also no column
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reequilibration is required. If one 'set of conditions could be used for all
the formulations manufactured at the facility, the samples could be analysed
in a random or as received order rather than in groupc.

At the time of writing the first paper on this subject several limita-
tions still existed. The computer program employed could only work with 10
ingredients and was limited to a 64K mini computer operating in Basic. This
limitation was imposed by computer memory restrictions. A disc based computer
was recently made available to the RD&E Center laboratory. With the computers
increased capabilities for large matrix operations it was possible to modify
the program to consider many more materials simultaneously. A limit of 35
ingredients was arbitrarily selected as the maximum number for calculations.
A program this size performs a complete evaluation to 595 pairs of
ingredients. As a practical limit 20 propellant ingredients were selected for
further work.

A new disc based program has now been written. It includes several
improvements over the original program such as calculating with the actual
peak widths rather than an average, and plotting all resolution lines on one
graph on a x-y plotter. This program has been written in Basic. A Fortran 77
version is also available. See Appendix B for Basic programs "XLDB6 and
XLDB6B", see Appendix C for Fortran 77 program "LC Main".

IlI. EXPERIMENTAL

The chromatographic system consisted of a Waters Associates 720 System
Controller, 710B WISP sample injector i three M6000 pumps, a Perkin-Elmer LC 85
variable wavelength ultra violet detector and either a Supleco 250 mm x 4.6 mm
ID Supelcosil 5 micron C-18 column or a Dupont 5 micron ZORBAX ODS 4.6 mm x
250 mm column. Solvents were from Burdick and Jackson and were filtered prior
to mixing. Solvents in this study were combinations' of the identified solvent
and distilled delonized water. MeOH is 60% methanol-40% water, ACN is 50%
acetonitrile-50% water, and THF is 42% tetrahydrofuran-50% water.

The Analog UV signal was digitized and sent to a Hewlett-Packard 3357
Laboratory Automation System for data reduction. Following normal
integration, a computer program was automatically run that calculated the peak
widths and retention times r',juired for Input to the solvent selection program
(see Basic program "Peak WT" in Appendix A).

Samples were prepared by cutting a propellant into small pieces and
accurately weLghing 50-100 lIg Into a 15 ml test tube. An accu-ately weighed
internal standard was added to the test tube and then 10 ml of a 50%
acetonitrile/water solution was added. An ultrasonic micro tip was placed in
the test tube and the sampic was extracted for 15 minutes. The solution was
filtered and placed in a WISP oample vile for analysis.

50% acetonitrile solution was selected because noncrcss linked nitro-
cellulose samples will dissolve completely or form a gum in pure acetonitrile.
If this solution is filtered or injected onto a column the nitrocellulose
would plug the pores.
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When HMX is suspected in the sample and quantitative analysis is
required, a smaller sample or greater amount of solvent is needed. HMX has
only a limited solubility in even pure acetonitrile. RDX is much more soluble
than HMX and should not present a problem. You must allow for the presence of
HM1 and RDX even when no qualitative data is required, when selecting the
optimum chromatographic solvent.

IV. SOLVENT SELECTION

A column is first characterized by determining the' retention times and
peak widths of all known propellant ingredients in 7 predetermined solvent
compositions. This data is fed into a computer file for later reference.
This only needs to be done once for each column (see Table i). This procedure
has been described earlier [22.].

Most samples are submitted for analysis in RD&E Center laboratory as part
of an aging surveillance program or for verifization of composition. In these

cases the computer is asked to analyse the data file for only those ingre-
dients known or suspected to be present in the prspellant extract. A typical
example of this procedure is the N-5 propellant.

The frest propellant is known i:o contain Nitroglycerine,
Diethylphthalate, and 2-Nitrodiphenvlamine. The binder,' lead salts, and other
insoluble ingredients are not considered. As the propellant ages, degradation
products of 2-NDPA are expected to be produced. Therefore, the coc"puter was
asked to predict the beet conditilos for separation of 2,2-Dinitro DPA,
2,,4-Diritro DPA, and 2,4,4-Trinitro DPA, an internal standard
Dipropylphthalate, as well as the three original ingredients. It predicted

the best solvent composition for the separation would be 82% MeOH/18% ACN with
a minimum resolution of 2.855 for any two peaks (see Table 2). The triangular
graph (Figure 1) indicated good resolution could be obtained with MEOH/ACN
combinations between 86/14 and 78/22. Since methanol has a higher viscosity
than acetonitrile the 78/22 mixture was selected. This permitted a higher
flow rate than possible with the 82/18 mixture.

As can be seen in the chromatograph of the standard sample (Figure 2),
all the Ingrcdients were well resolved with the 78/22 mixture at 2.0 ml/min.
Once the system was calibrated the propellant samples were analysed.

V. DISCUSSION

One aspect cf the procedure that has been receiving attention is its abi-
lity to predict optimized conditions for any combination of ingredients in a
data base. Once the retention times of a large number of ingredients have
been determined for the 7 solvent compositions, the optimum conditions for any
combination of those ingredients can quickly be predicted without further
experimentation. A drawback to this is the data base for a Waters 10 micro-

meter C-18 radial pack is not n:ecessarily comparable to another column such as
a Waters 10 micrometer steel column. To explore how significant column dtf-
ferences effected the predicted optimum conditions a data base was established
for several' different columns. Tables 3 thru 7 list the retention tiwes for
20 propellant ingredients in the 7 solvent compositions. As reported earlier,
MeOll signifies 60% methanol in water, ACN signifies 50% acetonitrile in water,
and THF signifies 42% tetrahydrofuran in water. Table 8 lists the important
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specifications for the 5 columns tested. Three Waters 10 micrometer C-18
Radial Pac columns were tested. The computer predicted almost exactly the
same optimum conditions for all three. The obvious implication is that for
these bulk loaded columns the column to column reproducibility is very good.
It should be noted however that this data was-obtained using a RCM-100 modual.
The Z-modual uses slightly different columns and oroduce different results
even though they have the same name..

Following the procedure described earlier, the computer predicted optimum
solvent compositions were determined for each of the 5 different columns. As
seen in Figure 3 most of the columns have a optimum composition in the same
general area.

Not unexpectedly, a significant improvement in resolution was obtained in
changing from a 10 micrometer packing to a 5 micrometer packing. Figure 4 is
a chromatographic run using a 5 micrometer Waters C-18 Radial Pac column at
the optimum solvent composition. Figure 5 is a run of the same solvent but on
a I0 micrometer C-18 Radial Pac column.

Eighteen ingredients can be separated well enough to quantify at the pre-
dicted composition for the 5 micrometer Waters column (Figure 4). Two pairs
of these peaks appear as fured peaks while the remaining ingredients are well
resolved. On]y ethylcentralite and diphenylamine are unresolved at this
composition. In Figure 5, the 10 micrometer Waters column shows almost no
completely resolved peaks for the same conditions.

At the predicted optimized conditions for the Perkin-Elmer 113-5 C-18
column we see that several of the later peaks have shifted (Figure 6).
Nitroglycerine has fused with 2,4 DNT and ethylcentralite with TNT.
Diphenylamine has eluted later and is almost resolved completely from BTTN.
Four pairs are completely unresolved:, resorcinol and triacetin; RDX and
methylcentralite; 2,4 DNT and nitroglycerine; TNT and ethylcentralite.
Generally the ingredients appear to be less resolved than in the Waters 5
micrometer radial pac system.

A suplecosil LC-18 column (Figure 7) was optimized for separating the
mixture. Agaln the predicted solvent composition was similar to the previous
examples. Comparison with the Perkin-Elmer column shows that ethylcentralite
and TMETN heve shifted relative to the other ingedients. Diphenylanine is
completely resolved as is TNT but now the ethylcentralite is co-eluting with
BTTN. The resolution of fused peaks is better than In the Perkin-Elmer column
but there are still 4 pairs of co-eluting peaks.

The Dupont Zorbax ODS column had a predicted optimum significantly dif-
ferent from the others. Figure 8 indicates complete resoltuion of all the
ingredients. Dupont literature discusses the unique pr3perties of their
Zorbax columns., They are manufactured with monofunctional silane units to
produce a 'moiolayer". Whether or not the characteristics of this column are
unique or common to all Zorbax ODS columns will have to be determined. The
long elution times of the last 4 ingredients is undesirable but if the analyst
wishes to use an isocratic system this situation is unavoidable. A change in
the solvent composition after 17 miautes could cause these ingredients to
elute fater with minimal loss of resolutioni This would introduce an
equilibration delay between runs however, so a trade off would have to be
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made. Using the solvent composition chosen for the Supelco column, this
Dupont column produced a chromatogzam similar to Figure 7 except that
nitroglycerine and ethylcentralite appear as fused peaks to 2,4 DNT and BTTN
respectively.

Figure 9 represents a chromatogram of the Waters 10 micrometer Radial Pac
column at its best composition near'the selected Dupont composition.' There is
some shifting of peaks but the chromatograms appeai similar. The most impor-
tant difference is the significant loss of resolution. There are 4 fused peak
pairs and 4 sets of unresolved peaks. While on first glance Figure 9 appears
to be better than Figure 4, close examination indicates more partially
resolved ingredients than in Figure 9. So the original predicted optimum com-
position for the Waters column is indeed better than the alternate.

VI. ANALYSIS OF UNKNOWN

Occasionally, a propellant of unknown composition is submitted for
analysis. A variety of analytical tools are employed for this task.

For LC analysis, the solvent capable of separating, at least partially,
all known ingredients is initially selected. Retention times of the unknown
peaks are compared with the predicted retention times. The retention times of
the authentic ingredients are then obtained for comparison. Oroe a list of
probable ingredients is obtained, the computer selects a second solvent to
separate these specific materials. Standards are then prepared and the analy-
sis proceeds normally,

One foreign propellant (#l) analysed in this laboratory was found to be a
rather simple double-base composition. The extractables were identified as
nitroglycerine, NDPA, and methylcentralite. Excellent resolution was easily
obtained with 100% MeOH.

A second foreign propellant (#2) provided a greater challenge. After
sone work it was found to contain DEGDN, methylcentralite, 2,6-DNT, 2,4-DNT,
2,4,6-TNT, nitroglycerine, NDPA, and DPA. An internal standard of
Dipropylphthalate waq selected. A solvent composition of 60% MeOH-40% THF was
chosen. Figure 10 shows the resulting chrrmatogram.

A third foreign propellant (#3) turned out to be a single base nitro-
cellulose propellant stabilized with diphenylamine (Figure 11). The
interesting point is that the propellant appears to be contaminated with trace
amounts of 14MX, RDX, MNA, TMETN, 4-NDPA, and 2-NDPA. NDPA was also found but
it is probably a degradation product from the DPA. Blanks were prepared and
the contamination was only found in the propellant extract. It was concluded
that the i.nufacturing facility was also engaged in production of other more
sophisticateu prope: lants.

VIi. COMPARISON OF TECHNIQUES

Since the analysis of propellants has a greaLer confidence level when
similar values are obtained by two different procedures, GC anialyses of
several propellants were obtained for comparison with the LC data.
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N-5 samples aged in tropic, arctic, or desert conditions were examined
by capillary CC for 2-NDPA to determine their remaining shelf life. LC analy-
sis of the samples included nitroglycerine, diethylphthalate, 2,2-Dinitro DPA,
"and 2,4-Dinitro DPA as well as 2-NDPA. The results indicate good agreement
for the two techniques (Table 9). As seen in the table and chromatrgrams
(Figures 12, and 13), formation of the 2-NDPA degradation products proceeded

.. further in the hotter temperature conditions and agrees with the decrease of
2-NDPA. & potential method for an internal check is to compare the total
amount of 2-NDPA and its products with the initial amount of 2-NDPA in the
propellant. The millimolar ratios of 2,4-Dinitro DPA and 2,2-Dinitro DPA
are identical at 2.62 for the desert and tropic samples. The millimolar
amounts of 2-NDPA and its products are the same for the arctic and 'tropic at
8.37 and 8.43, respectively. The' desert is out of line with 9.29 millimoles
per 100 tg of propellant. A time zero analysis for this lot is not available;
therefore, it is difficult to determine whether the discrepancy is due to a
greater amount in the initial propellant or an error in L.he analysis. As
pointed out above, the molar ratios of dinitro products are the same for
desert or tropic and the total amount of 2-NDPA and dinitro prcducts is the
same for arctic or tropic. Therefore, the most likely explaration is a dif-
ferent amount 'of initial 2-NDPA.

CHAPARRAL propellant has been examined by both CC and LC techniques in
RD&E Center laboratory. Several aged motor's of different production lots were
analysed 'to determine residual levels of MNA, 2-NDPA, and 4-NDPA.
Additionally, the levele of nitroglycerine, BTrN and nitroso MNA were deter-
mined. Table 10 presents a summary of the results. Generally, the two proce-
dures agree within a few percent of each other for MNA and n-MNA, but there
are a few cases where as much as 9% disagreement was observed.' The cause of
this is not immediately clear. The total molar amounts of MNA and n-MNA as
determined by the two techniques do not show a pattern other than that when
aged hot the LC sees less material in the propellant than the GC and when aged
at ambient the LC see more material than the GC. This may be caused by the
incomplete separation of MNA and HMX. Further study will be needed to answer
this question.

The SPRINT propellant is a composite modified double-base propellant.
Analysis was performed for nitroglycerine, 2-NDPA, triacetin, resorcinol, and
2-nitroresorciriol. The latter was not separated by GC and the different
response factors may be responsible for the different values in LC and GC.
The triacetin does not absorb strongly in the UV and while resolved fairly
well small fluctuations in the base line or near by peaks could significantly
alter the calculated value (Figure 14). Generally, however, there is good
agreement between the two techniques (lable 11).

Two foreign propellants were analysed by HPLC and capillary GC. The
analyses are given in Tables 12 and 13. As mentioned earlier, CC is not able
to resolve some nitroderivatives from their parent compounds where LC can.
Here NDPA and DPA present such a situation. In Foreiga Propellant #1, CC
"found 0.15%'DPA while LC found no DPA and 0.40% nitroso DPA. In Foreign
Propellant #2, GC found 0.47% DPA while LC found 0.36% DPA and 0.25% NDPA
which corresponds, after correcting for molecular weight differences, to 0.57%
DPA in the initial propellant. Again, there is otherwise generally good
agreeme .t between the LC and GC techniques.
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"M-36 propellant points out one of the important limitations of LC. Even
if it can be separated, measurement is impossible if it is not visible.
Currently, liquid chromatography has only a few detection methods available.
UV is the most popular, but many compounds of interest do not absorb well so
they are detected poorly. Dipropyladipate is one such compound and as
discussed above triacetin is another. The chromatogram in Figure 15 indicates
that dipropyladipate can indeed be well resolved from the other ingredients in
M-36 propellant. Table 14 indicates that while several GC techniques using
flame ionization detectors obtained an average value of 3.02% di-n-
propyladipate with 0.5% relative standard deviation, LC came up with 4.04%.
This is more than a 33% difference between techniques. It is hoped that newer
LC detectors such as electrochemical or micro LC/Flame detectors can solve
this problem.

VIII. UNIVERSAL PROCEDURE

No truly universal procedure exists. In a production facility such as
Radford AAP several different formulations are being manufactured
simultaneously. These formulations are chemically diff-rent only in the
amount of a limited number of ingredients. Typically s, eral solvent comr-
positions would be required for TPLC analysis of these fo m- lations. It is
very probable that with the above described procedure one solvent composition
could be quickly selected that would be able to separate all the materials in
all the formulations. Thus, samples could be analysed as received or in a

* random order rather than holding a sample until a group using the same solvent
is assembled. As an example of this, a solvent was selected that could
separate 20 of the most commonly used propellant ingredients (see Figure 7).
It is clear that only one set of conditions is needed to quantify any com-
bination of these materials.

SIX. CONCLUSIONS

The procedure described here seems to have almost universal application
in liquid chromatography. Once the retention times for a list of ingredients
is developed no further experimentation is required. When a new propellant
composition is encountered, the solvent composition necessary for optimum
separation of the ingredients can be quickly predicted with the aid of a
computer.

The best separation achieved to date was with a 5 micrometer spherical
particle coated with a "monolayer" of C-18. Other columns of this type need
to be evaluated to determine column to column reproducibility. The computer
"program can evaluate up to 35 double base ingredients but with the columns
evaluated to date a practical limit is 20 ingredients per sample. Th.s may be

*; improved by using 3 micrometer columns. Employing a second selective detector
such as a fluorescence or an electrochemical detector should offer the better
solution however.

"In a production situation this procedure can quickly predict a single
solvent composition that can separate up to 20 ingredients. This should per-
mit the analysis of all the different formulations manufactured at a facility
with one set of conditions resulting in a more complete analysis and more
rapid turn around time In situations presently requiring several sets of con-
ditions or gradient elutions.
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* It has been demonstrated that when a new formulation of known composition
is encountered, an optimum solvent composition can be predicted without
experimentation once a column has been. characterized. It is recommended that
when a column is replaced with a similar column htor the same manufacturer,
the column should be tested at the optimum solvent composition for the first
column. If no significant differences are observed then the same data base

* , can be used as before. Columns from different manufacturers will probably
have different characteristics and should be completely characterized
routinely.

Clearly, a procedure exis 'ts that can quickly obtain good separations of
the extractable ingredients from a double-base or composite modified double-
base propellant. LC is capable of resolving sorae materials and'their degrada-
tion products that GC can not. Comparison of GC and LC analyses of several
propellants indicates that the two techniques give approximately the same
results for those ingredients that they can both detect. LC is superior to GCC
in Its ability to separate certain materials and to detect many nonvolatile
materials, such as HFJX. GC is superior to LC for detection of some m'aterials.
LC and CC techniques thus appear to complement each others w.eaknesses and
strengthen the validity of the propellant analysis. Therefore, it is recom-
mended both techniques be used for critical determinations. Otherwise, the
analyst should determine what he wants from the analysis and select the
appropriate technique.
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Table 1. HPLC Optimization.

INPUT DATA
COLUMN : SUPLECO 5u C-18 SAMPLE : GENERAL

DATA IS CORRECTED TO 1.00 ml/min
PEAK WIDTHS IN SECONDS IN PARENTHESES

ACII& THF& ACH& MEOH&
MEOH ACN THF ?NEH NEOH THF ACN&THF

1 2 3 4 5 6 7

Solvent Front 1.78 1.79 1.79 1.78 1.79 1.79 1.79
I Resorcinol 3.17 3.08 3.88 3.24 3.51 3.45 3.41

(14) (12) (12) (12) (12) (12) (12)
2 HMX 3.17 5.14 5.61 4.25 5.76 4.68 4.72

(14) (17) (14) (13) (14) (13) (13)
3 RDX 4.07 5.14 6.19 4.95 7.28 5.19 5.63

(?5) (23) (17) (13) (17) (14) (14)
4 DEGON 4.64 6.52 7.81 5.93 7.63 6.16 6.26

(18) (33) (18) (14) (18) (15) (15)
5 MNA 5.14 5.82 5.83 5.95 6.26 5.16 5.75

(19) (18) (15) (15) (15) (14) (14)
"6 Nitroglycerine- 6.49 9.08 16.03 8.50 16.07 10.15 10.73

"(12) (26) (44) (20) (44) (22) (22)
7 Acaradlte 1 5.96 4.49 '3.65 .6.02 4.25 3.90 14.53

(24) (21) (12) (15) (14) (12) (44)
8 2,4.6 TNT 6.91 9.25 24.06 9.18 15.59 10.80 11.24

(24) (26) (64) (20) (44) (28) (39)
9 8TTN 6.95 10.21 16.17 9.66 17.23 10.69 11.97

(25) (28) (44) (22) (50) (28) . (39)
10 2,6 ONT 7.65 8.70 11.63 9.51 11,.83 8.46 9.47

(35) (23) (39) (21) (39) (20) (11)
11 Acaradite It 6.86 5.21 4.00 7.21 5.65 4.43 5.07

(27) (20) (13) (18) (14) (14) (14)
12 TMETN 9.28 12.81 25.44 12.82 24.49 14.05 16.01

(46) (34) (65) (38) (64) (39) (40)
13 NDPA 19.96 18.61 17.42 24.62 26.50 16.95 23.04

(49) (40) (44) (64) (64) (40) (58)
14 4 NOPA 17.86 15.07 14.84 21.09 22.06 13.72 18.81

(44) (40) (40) (53) (55) (39) (50)
15 Meth Centrallte 14.64 9.39 6.51 15.32 8.04 7.01 8.69

(52) (36) (17) (40) (20) (17) (22)
16 DPA 36.63 19.36 11.13 38.97 16.29 12.35 18.17

(55) (44) (39) (60) (38) (35) (40)
"17 2 NDPA 35.06 24.40 18.75 37.27 30.74 19.32 26.91

"(104) (64) (40) (60) (55) (52) (68)
18 Ethyl Centrallte 14.89 15.54 6.48 19.39 14.59 11.55 14.20

(117) (79) (15) (55) (40) (39) (40)
19 Trlacetin 3.88 4.17 3.61 4.54 4.05 3.73 3.90

"(19) (27) (49) (15) (40) (29) (33)
20 Tetryl 4.2P 5.24 6.13 5.29 7.99 5.24 5.95

(71) (22) (26) (83) (84) (23) (26)
21 TEGON 5.02 7.14 7.44 6.62 7.64 5.99 6.40

(31) (21) (23) (29) (25) (19) (21)
22 Nitroso-MNA 6.11 7.23 8.31 7.62 8.64 6.59 7.26

(27) (20) (27) (21) (26) (20) (23)
23 2 N-Resorclnal 3.83 4.20 4.89 4.35 5.17 4.45 4.63

(21) (i4) (16) (15) (19) (15) (16)
24 2,4 ON Resorcln i.89 1.84 1.84 2.00 2.19 1.89 2.03

"(16) (16) (20) (15) (24) (16) (20)
25 2,4 ONT 8.07 8.68 11.61 9.68 13.20 8.57 10.04

(33) (21) (32) (26) (36) (24) (28)
"26 2,4,4 TN DPA 13.78 15.39 10.02 20.82 29.28 '16.43 20.13

(56) (42) (80) (60) (75) (54) (62)
27 2,4 DN DPA 17.21 16.53 19.20 22.75 23.58 14.92 19.14

(53) (44) (51) (65) (70) (68) (92)
28 2,2 ON OPA 21.60 18.03 12.66 26.46 24.19 14.08 19.82

"(83) (27) (37) (73) (71) (41) (57)
29 Methylphthalate 5.44 5.85 4.62 6.64 5.33 4.84 5.22

(25) (17) (23) (21) (19) (24) (19)
30 Ethyl Phthalate 9.72 9.82 6.85 12.41 8.21 7.29 8.35

(42) (27) (22) (37) (94) (?3) (115)
31 Propylphthalate 24.38 21.52 12.36 32.20 17.49 13.82 18.07

(93) (58) (36) (91) (56) (41) (53)

p" 9.



Table 2. HPLC Optimization.

9:00 AM TUE., 14 AUGUST 1984

. DATA ANALYSIS

COLUMN: SUPELCO 5u C-18 SAMPLE: N-5 PROPELLANT

"THE BEST COMPOSITION IS:

'1MEOH ACN THF
82% 18% 0%

"" THE WORST RESOLUTION AT THIS POINT IS 2.855

PREDICTED ORDER OF ELUTION

RELATIVE RETENTION TIKE
INGREDIENT 1.00 ml/min 1.51 mi/min

Nitrogylcerine 7.38 4.92

Ethyl Phthalate 11.30 7.54

2,4,4 TN DPA 17.76 11.84

2,4 DN DPA 20.57 13.71

2,2 DN DPA 24.89 16.59

Propylphthalate 29.34 19.56

2 NDPA 37.61 25.07

10
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' Table 3, Optimization of 5 Micron Waters
C-18 Radial PAC.

d CE-4 TH-F MEOHTII I'IE H/THF ACII/'THF IjEOH-';;cI4THF

TK IACET I I .6 3.21 6.C.0 I .:2 7.03 1.89 4.S9

RESORCII.lL 1.81 3.66 6.90 1.91 7.34 2.10 5.05

HMX !.o5 3.32 3.7? 2.82 4.34 3.17 3.34
"POX 2.S6 3.41 4.33 2. 31 6.13 3.70 4.25

DEGD14 ?.40 ,4.51 5.96 * 4.13 6.1? 4.!-S, 4.77
lHIIR 4.12 4.23 4.:0 4.51 5.39 4.15 4.605.
14G 4.35 6.36 14.45 5.6,9 12.8 6 8.12 1.05
RCAFPRDITE 1 4.74 3.20 2.33 4.40 3.15 1.701 3.27
-T4T 4.85 6.42 21.72 L.,16 13.30 S.78 9.00
DTT14 4.88 7.12 13.40 ,.65 1 Z. •,6 8.53 9.77
2,6 Z22 5.113 6.26 51.70 OF5 511 7.20 2e.2
RACARAIITE 11 6.19 4.11 2.66 5.55 .*62 3.21 3.:85
7- 5 TMET14 6.45 9.00 22.05 e. S8 22.09 11.417 13. 28
2,4 D14T 6.113 6.3 6 ?.(5 7.03 10. 50 7.1Z . 41
EC *1.15 11.21 10.10 13.-0 I2.?8 10.51 13 .4
"GMC 1.14 8.09 5. 3 12.02 IF.0 5.63 7. 87
4 NDAF'R T..70 21.22 12.45 15.e1 Z00 ( 1.E:S 27.-28
IIDFA ' 13.96 2 .9 I5.915 15.78 :" t 1 0 Z i .1.
SIIZIFA 29.60 17.82 27.:0 21.70 S 455 17.52 27.15

DPA 31.30 16.40 10.15 .?.8S 14. 8.5 11.40 17.?e

STable 4. Optimization of 10 Micron Waters
C-18 Radial PAC.

PIEH ON "C--' THF MEOW. ACII MEC'H/THF ACII.'THF HIE0H-FiCII/'THF

TFIACET IN .93 1.16 1. 5 1 .38 S.Ok I .3S 1.50
"PE C'E rC I IL .S5 .to0 1.05 .?0 1.03 , .3 .. 3

H .9. 1.40 1.57 1.40 1.:7 I 1.51

1.40 2.53 1. S2 12.IF 2.41 15 1.86

S1.75 2 2.52 2.13 2.71 1.99 Z 30
"MIA 2. 1.) I 13 1.02 ,..4 2.30 2.8S 2.20

2.21 A 2.17 06 I 5.9Z 3.38 3.95
* Rr~ACF41" .IT ,4 2.45 1.01 . I .37 2.16 1.45

TIlT 2. .54 2.34 .f.05 ., .. 7. 4.OiT 1 .5 ýI . Is; 4.4.1:8- TTII 2.57 3.2 5. .112 3.72 6.62 ".6 4.4

f.6 1'T 2.17 2.3 4.e? .5 4.46 4.9 3.l
ACeF'I'.]TE I1 .36 1...? 1.25 3.02 1.57 ''" 1.71
"TIIET"I 3.54 . 27.5 5. 9.66 5.00 4 IE

2,4 lIJT .9-3 6.3 9.•.5 7. 0. 20.5 7.. 0.,41

SEC 1.5ý6 7.P5, 4.0T. I2.. 1. 5 2 4.50 7.15

.7. C .O3 2.11 2. . .9 S5 3. Z
4 *:Ffi ,H 7. 5. 12 5._4 e.97, 9.17 5.17 74P.

,..0 5. 13 1.41 7.1 5.78 4.17? 5.54

S. .l.F 14.1 .4 7.12 15.37 22.94l 7. 1 E 1.

i7.8A 5.93 6.41 .08 10.34 6. 14 C.75

11



Table 5. Optimization of 5 Micron Perkin-Elmer
HS-5 C-18 Column.

MEOH E CI4 7HF FE-H/KC14 tIEOH/THF KCU4/THF FIE0H'iCN"THF

TF.IACETJIN 2.27 2.31 2.96 2.43 2.99 2.75 2.68
RESORC1)40L 2.27 2.31 2.96 2.43 2.99 7.75 2.68

HmX 2.54 4.21 5.63 3.59 5.22 4.28 4.09
RDX 3.37 4.51 6.34 4.CI 6.75 4.78 4.84

DEGD14 3.85 5.47 8.04 4.99 6.84 5. f3 5.42
MIIR 4.53 5.07 S.e4 5.14 5.91 4.96 *..09
14G 5.14 el.19 I 7.08 6.91 14.51 9.92 9.78

ARCAADP1E I 4.?4 3.48 3.13 4.69 3.72 3.34 3.69

T14T 5.42 8.27 29.00 7.24 14.44 10.42 9.43

TTIT4 5.56 9.22 19.75 '..33 16.83 10.43 8e.36

2,6 D14T 6.27 7.69 12.26 7.E5 10.69 3.03 4.36
ACARADIIE 11 6.12' 4.38 Z.57 .5.79 4.19 3.92 4.34
THETH 7.46 11.02 30.08 le.77 23.21 13.84 14.40

2,4 DNT 6.58 7.63 11. CI8 7.51 10.79 8.11 8.29

EC 12.78 1-.94 21. 6 14.83 13.59 11.14 12.56

me 13.31 8.18 6.40 22.?3 7. 69 6.63 7.89

4 IIDMF' 14.55 12.75 27.34 17.0D6 22.z0 13.33 26.65

HDFR 14.94 14.93 19.26 1..!6 e,9. 23 25.91 11.35

2 t4DPR 27.86 12.96 20.99 26.54 2S..22 1F.05 3.217

DPR 34.,"3 15.75 11.86 29.06 16.02 11.96 26.30

Table 6. Optimization of 5 Micron Supelcosil
LC-18 Column.

ME.OH FICIt' THF MEC H1,1tAC, IIEOH/'THF FICII/THF ME'0H/FCI[4/THF

TRIACETIN 3.17 3.08 3.8 3.24 3.51 3.45 3.41
FESORCI IOL 3.17 3.08 3.8 3.24 3.51 ,:. 4`5 3.41

HM.) 3.17 5.14 5.61 4.25 5.76 4.68 4.72

RDX 4.07 5.14 6.19 4.95 7.28 5.19 5.63

IVEC[I4 4.64 9.52 7.S21 ,.93 7.E3S 6.16 6.26

HMIA 5.14 5.:2 .83 0.95 !.2. 5.46 5.75
4G 1 6.49 P..08 16.03 S.0o 16.0? 10.15 28.73

ACARPADJTE 1 5.96 4.49 3.65 6.02 4.Z5 3.90 14.53

TI4T ' 6.91 9.25 24.06 9.18 15.59 10. 0 11.24

T TIT4 6.9s 1 A.21 16.17 9. 6 17.22 20.f9 11.97

2, C [ IMT 7.65 e.70 21.63 ?. 51 11 e:3 r.4 9.47

ACAPADITE 11 6.86 5.21 4.(Ci 7.21 4.6C5 4.43 S. 07

TIIETI4 9.2S 12.81 25.44 12.82 24.49 14.el 16.01

2,4 DI4T 9.03 8.71 11.45 9.47 '2.08 S . 75 9.38e

EC 14.89 15.54 6.49 19.39 14.59 1. :;55 14.20

MC 34.64 9.39 6..51 15.32 E.04 7.01 e.69

4 IIIFR 17.9.6 25.07 24.[4 21.09 2206 23.72 28.92

* 14IsFR 1?.?6 13S. C.1 17.42 24.62 C. 50 16.95 23.04

2 tDF'A 35.06 24.40 18.75 37.27 30.74 19.32 6.:,2

SJPR21 36.63 19.36 11.13 38.97 16.29 12.35 18.17

12



table 7. Optimization of 5 Micron Dupont Zorbax ODS Column.

HEOH AC"- THF IMEOH/A0- I IiEEOH/IHF RCN4/THF MIE UH.HCII/ HF

TFRIACEI I1l 3.06 2:E:9 3.53 3.30 3.50 1.42 3.49

RESUFZC I114L 3.06 2.E:8 3. 53 3.30 3.50 ,.42 3.49

HMX 3.23 5.22 5.48 4.55 5.88 4.89 5. 17

PDX 5.20 5.56 6-23 5.64 s.69 5.53 6.39

DEGDN 6.19 7.11 P 01 7.33 8.74 7.07 7.49

1t`I1R 7.33 6.56 6.09 7.74 7.47 6.31 6.89

1G 0.49 10.47 20. 13 10.38 22.24 12.43 13.82

RCRRRADITE 1 9.07 5.56 3.52 7.F7 4.60 4206 4.88

T14T 9.67 10.95 29. 6r3 11.64 21.79 13.e3 14.75

L T ,I4 9.74 11.57 19.77 12.04 23.28 13.45 15.43

2,6 ,04T II.$ 3 10.53 13.21 12.14 16.39 10.05 12.35
F4CRR I F i A 7E 111 1.53 7. 11 3. 9t: 8 10.03 5. 19 4.72 .65

IMETIl 1 $.31 14.0c 30.50 16..?0 3.26 18.30 21.0

2,4 D[4T 14.15 1e.91 13.E2 13.12 17.47 10.64 12.62

EC 27.12 20.46 12.32 26.95 2.0.71 14.31' 19.17

tIC 31.35 16.11 7.0) C2 10.28 1.05 10.95

4 N1'1F R :F. 48 18.76 17.76 30.00 31.10 1 e.? 25.32

141FPR 31..2 24.'C- 20.52 2?.:5 9.17 1.91 31.97

2 tITFA 73. c:3 2E4:40 24.9E 5 -.77 4S. T5 Z.-, 4? 40.31

ItFR 70. (44 34.1 . (A 12 62.94 22.35 I1.31 24.15

i

Table 8. Column Specifications.

Source Dimensions Packing Partical Plates

(MM)

Waters 100 x 5 u-Bondapac C-1.8 10.Micron Spherical >5,000

Waters 100 x 5 u-Bondapac C-18 5 Micron Spherical >9,000

S upelco 250 x 4.6 Supelcosil LC-18 5 Micron Spherical 20,614

* E Merck 250 x 4.6 LiChrosorb RP-18 5 Micron Irregular 15,516

Dupont 250 x 4.6 Zorbax ODS 5 Micron Spherical 27,135

PERKIN-

EIHMTR 125 x 4.6 P-E HS-5 C-IS 5 Micron Spherical >8,000

13



Table 9. N-5 Propellant Analysis.

LC GC
NG DEP 2,2-DN DPA 2P4-DN DPA 2-NDPA 2-NDPA

Arctic 35.74 10.72 .... 1.792 1.811

Tropic 35.88 10.88 0.090 0.236 1.534 1.716

. Desert 35.91 11.13 0.201 0.526 1.388 1.379

Table 10. CHAPARRAL Propellant Analysis.

Comparison of Capillary GC and HPLC

Condition Analytical
Lot Aged Method MNA N-MNA 2-NOPA 4-NDPA NG BTTN

E0001 Hot GC 0.259 0.490 0,244 0.197 12.56 12.86
Hot LC 0.263 0.334 0.245 0.209 13.43 12.23

E0003 Ambient GC 0.564 0.048 0.260 0.229 13.18 13.55
Ambient LC 0.609 0.033 0.257 0.230 13.14 13.45

E0003 Hot GC 0.346 0.380 0.255 0.223 13.04 13.26
Hot LC 0.366 0.281 0.244 0.216 13.51 13.62

EO005 Ambient GC 0.588 0.048 0.260 0.248 12.76 12.79
Ambient LC 0.622 0.029 0.256 0.256 12.84 12.74

EO005 Hot GC 0.112 0.727 0.241 0.211 12.38 14.80
Hot LC 0.107 0.624 0.235 0.204 13.00 14.99

E0006 Ambient GC 0.569 0.042 0.251 0.222 12.81 14.57
Ambient LC 0.623 0.022 0.239 0.220 12.75 14.45

E0007 Ambient GC' 0.597 0.C39 0.260 0.250 12.95 12.97
Ambient LC 0.637 0.024 0.247 0.249 12.80 12.78

E0008 Ambient GC 0.626 0,023 0.261 0.254 13.26 12.64
Ambient LC 0.682 0.022 0.254 0.250 12.94 12.46

E0008 Hot GC 0.205 0.644 0.340 0.218 13.03 13.65
Hot LC 0.218 0.530 0.323 0.210 )3.41 13.73

GCU Ambient GC 0.615 0.115 0.256 0.261 13.28 14.13
Ambient LC 0.659 0.061 0.248 0.239 13.66 14.34

14



Table 11. Sprint Propellant Analysis.

Triacetin Resorcinol 2-Nitrorescinol NG 2-NDPA

LC 6.657 0.950 0.019 28.734 0.942

GC 6.325 0.901 -- 23.400 0.966

Table 12. Foreign Propellant #1 Analysis.

NG DPA MC NDPA

GC 39.25 0.153 1.104 --

LC 39.41 -- 1.345 0.404

Table 13. Foreign Propellant #2 Analysis.

"DEGDN NG 2,6 DNT + 2,4 DNT 2,4,6 TNT *MC DPA NDPA

LC 14.22 17.75 (0.905) 0.375 2.516 0.361 0.249

GC 14.64 17.41 (0.918) 0.356 2.550 0.474 --

Table 14. M-36 Propellant Analysis.

NG DNDPA 2-NDPN

GC Splitless 39.151 3.017 1.950

GC On-Column 39.134 3.046 1.961

GC Manual/Split 39.117 3.011 1.969

GC Auto/Split 39.182 3.002 1.962

GC' Auto/Split 39.012 3.016 1.954

LC 38.626 4.040 1.777

15
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Figure 3. Column composition.
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DEM 26%MEOII 3%ACN /69%TIIF

2.4 DW EC/DPA
RESOCWCOL/

AGr. 1 2.6 [*1

NOPA

CA NGA 2-NOPA

Figure 5. Waters 10 micrometer radial PAC column.
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Figure 6. Perkin Elmer HS-5C-18 Column.
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Figure 7. Suplecosil LC-18 column.
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LIST OF ABBREVIATIONS

HPLC High Pressure Liquid Chromatography

GC Gas Chromatography

MeOR 60% Methanol W�cer Mixture

ACN 50% Acetonitrile Water Mixture

THF 42% Tetrahydrofuran Water Mixture

DPA Diphenylamine

NDPA Nitrosodiphenylamine

2-NDPA 2-Nitrodiphenylamine

4-NDPA 4-Nitrodiphenylaniine

2, 2-DNDPA 2 ,2-Dini trodiphenylamine

2,4 -DNDPA 2,4-Dinitrodip1'e:�y�amine

2,4,4 '-TNDPA 2,4,4 -Trinitrodiphenylamine

2,4-DNT 2, 4-Dinitrotoluene

2,6-DNT 2,6-Dinitrotoluene

2,4,6-T?'T 2,4,6-Trinitrotoluene

BTTN 1,2,4-Butanetrioltrinitrate

DEGDN Diethyleneglycoldinitrate

DNDPA Di-n-propyladipate

MNA N-W'thylanaline

NMNA N-N�troso-n-methylanaline

MG Nitroglycerine

TIMETN 2-hydroxymethyl-2-methyl-4 , 3-propanedioltrinitrate

.31
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The analog out put from the detector was digitized and sent to a
Hewlett-Packard Laboratory Automation System. The data was then integrated in
the normal manner. A post run basic language program "PEAKWT" listed below
was then automatically run. This program examines the data file for the last
chromatograph. For each peak integrated, the p-ogram finds the maximum ampli-
tude. It then samples the data points before and after the peak until it has
a corrected value of 10% of the maximum. The retention time of these points
are then subtracted and reported as the width of that peak.

"The 10% was arbitarily selected because it is more reproducible and does

not confuse a tailing peak with a very broad peak. This system gives more
meaningful results when all ingredients are well separated and of approxima-
tely the same amount.

In Line 190 A$ will be returned string with the name of the raw data file
and B$ the name of the processed data file. In line 240 and 250 W is the
width of a data slice and N is. the number of peaks integrated. In-line 290
T(I) and P(M) are the retention time and amount of ptak I. Line 320 sets the
pointer to the first record containing extended data. Line 350 reads the
height, start, baseline at start, end, and baseline at end of each peak I.
The Loop in 480 to 540 finds the 10% levels at the front and end of each peak
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120 RE C .. T4 PENK r.IG" ". .

150 .F CRETE BYJ AVR UE18

* N

""100 RE $ * *****,•e** ***** *'*** ******* *** ******** * ****** f*** *t * *fttft*ft t t.f tf tf

110 REM * BASIC PROGRAM "PEAKWT" f..S ! ' • 120 R•E:1 ,, CALCULATES PEAK WIDTH AT 10% OF THE PE.\K !IEIGHT *

q 130 PE:. ** TO CALCULATE- AT A DIFFERE::T FRACTIOI OF THE PEAK' **•
N" : 140 R•EM ** HlEIGHT CHI•NGE LIN~ES 360 AND 370. '•

S• "-150 R•EM ** CREATED BY J. CARVER 7 JUNE 1984 ftftf

S/ ,165 COM 3S[10I,CS101 ,M$[10!,RS[101,P$[101,'110l],D[2,41,Z(41
170 DIM N$1261,A(351,B(351,Ct3SIE135],i[351,PE351,S(25jT!351,.0351
180 FILES l
190 TELL AS,3S,CS,E
200 ASSIGN BS,1,0,F
210 ASSIGN CS,2,E
2 220 ON END *1 THE( 1000

*23J ON END 02 THSN 100')
240 READ 21N,,,SXN, ,XXJS'SS,5NXX,
250 RTEAD 11SXX.SX1,,,XX.51 :5,S NX, X., 1
260 LET N=ASS(*4)
270 READ *1,2
280 FOR 1-1 TO N
290 READ #1;TI11 X,X,X,X1[I,11I XIS
"300 NEXT I
310 LET R4=4-
320 READ R1 T(F/2)/2
330 READ #2,2
"340 FOR K=3 4 TO N
350 READ #1:Hj1I,S[TJX,9[11 E111,X,U(Ij.,NIS
360 LE, A(I1 (H 1I 1)+B I I
370 LET CEII (H11.1) +U I1I
380 LET 5111-S(IP60
390 LF.TE[IjI=E11150
400 LET Trill-TUI160
410 LVT RI -1NT (S iII 1W)

4420 LET 2 -I NT(E (T I/W)
7/ 430 LET R4 3= V MTN(T I I I/W)

440 FOR K=R4 TO RP1-
450 RIEAD 12:42
460, NEXT K
470 IF R4 >- RI THE4 LET P1=R4
480 FOR KsRI. TO R2
490 READ 42;N2
500 IF K>P3 GOTO 530
510 IF N2 >- A(I] AND INT(S(I1/W)=R1 THEN LET S[II=K'W
520 GOTO 540
530 IF N2 <= C1I) AND INT(E1I1/W1-)-R2 THEN LET E(II-K-W
540 NEXT K
550 LET R4=R2+1

"560 NEXT I
1000 ?!1'IT
1010 ORIN
1020 PP•7IIT "PPOCESSED FILE -;BS
1030 PRINT
1040 PPINT TAB(30):" 10 OF HEIGHT"
1050 PPINT "PEAK RT","AREA I ","PEAK WIDTH (SEC)"
1060 PPINr
1070 FOR 1-1 TO N
1080 LET' w=(E'Il-S(Ill)
1090 LET TII1='r(t[/60
"1100 PI'IT Tjll j,PtI ,W
,1110 NEXT I
1120 PPINT
1130 PPINT
1140 P PINT
1150 END
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The basic language version of the data reduction vas designed to output to
,a Hewlett-Packard 2648 graphics terminal vith a 9876 A graphics printer
attached as a "C" device.

Line 145 to 155 fn program XLDB6A open previously crested data files to
the program. These 7 files contain the retention data from the 7'solvent com-
positions. This program can enter new data or change old data in these files.
It can not create the files. This must be done separately by the user.' When
the files are satisfactory, the use 'r can list the data input as well as the
resolution f or pairs of peaks in each solvent. A chromatographic optimization
function, as discussed by Synder [21), is also calculated. The program then
calls XLDB6B for further calculations and plotting lines of resolution for

* each peak pair on the graphics terminal.
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10 COM M(21,T(7,351
"100 REM t** t*** l******* O **l *tII * *t O *I * h *tt*t h

"105 REM *****tttILIQUIt) CHROMATOGRAPHIC OPTIMIZATION":::.*
110 REM *i***iltitt XLDB6A **R.RADKE / J.CARVqR t
"115 REM * ********t*************hAUG/SEPT 19i1tltl

\ , 120 REM

.125 LET M1-7
"130 LET M2-8
135 DIM ES(I),S(71,VI7bwI,7,351,KI7,351,R17, 351
140 CHRS 27,ES
145 FILES FIRST::I9,SECOND::I9,THIRD::19
150 FILES FOURTII::19,FIFTH::19,SIXTII::19
155 FILES SEVNTII::19
160 REM GET SOLVENTS
165 PRINT
170 PRINT ' ENTER THE NUMBER OF SOLVENTS (1-7) CO-EXIT>)
175 INPUT MI
180 IF Pi10 THEN 9999
,185 IF Ml<1 TIIEN 170
190 IF M1>7 THIEN 170
195 LET Ml1)-MlI
200 REM GET PEAKS
205 PRINT * ENTER THE NUMnER OF PEAKS PER SOLVENT (2-35) <0-EXIT>"

". 210 INPUT M2
/ 215 IF M2-0 TH1EN 9999

220 IF M2<2 THEN 205
225 IF M2>35 'THEN 205
230 LET M21r-M2
235 REM LOOP TO GET DATA

- 240 FOR J-l TO Ml
,..' 245 PRINT " ENTER THE RETENTION TIME (MIN) FOR SOLVENT ';J;" (0-EX!T)
, 250 INPUT VIJI
. 255 IF ViJI-0 THtEN 9999

Y 260 LET ViJJ-V[J1*60
265 PRINT *. ENTER TUlE AVERAGE BAND WIDTH <SEC> FOR ALL PEAKS OF SOLVENT ";J
"270 INPUT A
275 FOR 1-1 TO M2
280 PRIN4T ' ENTER THE RETENTION TIME (MIN) FOR PEAK 6sIrr <0-EXIT)>

' 285 IIPUT TIJ.I]
290 IF TIJ,IJ-0 THIEN 9999
295 LET TIJ,II-TJI]*60
300 LET WIJ,I)A-
305 LET KIJ,IJ-(TIJ,II-VIJ))/VilJ
310 NEXT,!
"315 NEXT J

* 320 GOSUn 605
. 325 REM CALCULA'E TlE RESOLUTION

330 GOSUB,6000
335 FOR J-A TO MI
340 FOR 1-1 TO M2-I
-345 FOR 9-I+1 TO M2
350+ LET A-(TIJ,KI-T(IJ,1)/(.5"(WIJKIi+W(J.Ii))
355 PRINT #J;A

. 360 NEXT K
365 NEXT I
370 NEXT J
375 REM *** CALCULATE RESPONqE FUNCTION 'l

3R0 PRINT * ENTER DESIRED RESOLUTION <O-GO TO ORW>'
3R5 INPUT R9
390 IF R9-0 TfIENI CHAIN "XLDBfB"

B-3



I5 IF R9<oT N 380

465 GOStIB 6000

405 FOR Jul TO MI
410 LET SIUI-0
415 POR I11 TO M2-1
420 FOR K-l+l TO M2
425 RIAn T J;A
430 LE T Z uA/R9
435 PI Z'<= 0 T11TN 445

_A".. -; 4450 LET IS [J I =S 1 1 +LN (Z)
445 4EXT K
5 0 NEXT 1
455 NEXT J

¢• ~460 REM *** OUTPUT TABLE *'
P~i465 GOSUB 600Q

470 FOR 3-1 TO MI
e•475 OUTT)VC "CI',E

740 PRINT ES"U"
4R PRINT R RETENTION TITE FOR SOLVENT ";JUN IS O;(VICI/60);" MLN"

690 PRINT
415 PRINT
25n PRINT " PEAK*,* RETEN TIE",," BAN- WIDTII CAPACITY"" 1"505 FOR• 1,- TO M2

' 63510 PRIT NT TAR. (3)- - - --TAB(19) --TIJ, -1/60)-;TAB-34)-;WIJ-,t--TAB(47)-;KIJI
. 3515 NEXT I

520 PRINT
525 PPINT5m 30 PRINT - FOR PEAKS-+,- RESOLUTION-

535 PPINT
540 FOR 1-1 TO M2-1Si•-545 FORn K-t+l TO M+2

i •,550 RFAn 03J;A
• .. ""555 PP14'+T Tl.B(3);I..- ";R;TAB(17);AS .'I 60 NEXT K
w 56 5 N E.XT I

570 PRINT
575 PRINT" .590 PRINT "CHROMATOGRAPIfiC OPTOMIZATION FUNCTION (COF) FrOR SOLVENT "Ia;

S +• "+585 PRINT " IS ";SIJ!

690 NFOXT J T
: •• ", 595 OUTnvc "*,
+,. III600 CH^I IA "X [,9q6q.

:•6 05 REM PRINT INPUT

!.!+615 PP14',T

62 R4 Ai)SLET1 OVN- SOLVENT-:) SOLVENT-4 SOLVENT-5" |
- .,625, PRI-IT 1'A1(58)-SOLVENT-6i SOLVENT-'/"

".630 PRINT kr . (9ý) "----------------------------------------------------"
SD635 PRINT TOW• (58) ------------------

640 FRINT "Tn";
,+645 F11"P X-1l TO Ml

650 PVTNT TAR(X*I0-2) ;Vlxl/60;

.+65 5 NFXT X
- •. +++660 PP1T T

-665 PRIý?T "*lIDTII- ;
-670 tfPr X-1 TO M41
S675 PPIýIT TF•v3(X'I0-2) ;WIXI] ;

S690 NE•XT X
f 6R5 PPINJT

": 690 FOR Y-1 TO M2
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S(S1) PRINT "Rwr-"*Y
lt)1 FOI Xl 1 T(, MI
711 S PRIfIT "I'/)(X*10-2) ;'l*IX,YI/60;

- *710 NEXT x
71 1; PIt 1NT

. 720( NEXT Y
.. .. ,725 PR 141- TlA 1 (14)i --- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

710 PRlINT 'AIl ('1I1) -" -

7 I% I' INT
- 740 PR INT Ah-: III-RF ANY CIIAN;I':•";j 74 , IIN1PII1 •

"loot)1) RI.,1 MAAK1* (VI!AN(O'
100r PHINT' ",vIIIC!I !,ImVE.NT (I- ;Ml;")
I0 10 INPriT .1
.IllS PRINT "I '" :--= VI,1 /60);" Til". NF"W VAIII,1 IS;";

•~ N1111 v• 1.11xzr v J
-1110 INrPULT V 1,11 V11 6I 1125 t.v'r V II I-Vt,IlI'60

1 1110 PRINT "WIDT11 =, WIJ,ll l"lW. NEW VAI.SJ' .I,,";

I1n3r, INPIT A

1I0I?40 FOR X" I TO 112

11.50 PI'XT X

S1115 PRINT "W.IlCI, PEAK NrEf;I3 TO IE CHIIANGED (1-";M2; )";
1060 1 NlUTr I
I/ P 1 r065 PINT "P.AK "I ;"IIAS A PE.TENTION TIME OF "7T1.1 1,/60;" TII. IWW VALUE IS";
11070 I14Pt1T T13 I1I7 7 15 IFT Tr,), I I =TIJ, 1I * 60

' I0140 L.T K ,Il=('J = r l,tl/VIJ/ )-i
• - 1081 PRINT

iuiqo PRI NT "ANY MFiOR CIIANGcF. FOR SOLVENT ";.I;
l.11S INPUT ('S
1100 IF c-sII,1I"Y" TIIFN 1055
1105 PRIN'T "ANY CIIANGFS FOR A1IOTIIrR SOtVENT"*;

• . I1lU I n~puvr .

"1 I ' II ' 1 -"iY"'Y TIOWN 1005
-41120 (;'1S' I S 610

1 12 C.r) 3 125
S6no0 R•M #*. POIN'rE•RS *hi

A (105 1; A) #1,1

6 0115 RE An 03,1

6 020 RFAn 04,1
6o'25 Pr'r' An5,1
6030 REAn 16,1
61"5 ,Rrn 07,1
6,140 PrTUHN

p --
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10 COM A121,TI7,351
100 REM

S105 REM *********LIQUID CIIItOM.TOGRAPIIIC oPrIlIZATION"*****
110 REM * XLDB6R **RRADKE / J.CARVER *

I 115 REM ****. **************S** J981*******
120 REM h*Oh***************h**h i****h

125 CIIRS 27,r$
130 Dt!4 vSI1I,Y$1101,Z$126),B(351,Ci351
"135 LET Y$-"0123456789'
140 L!;T %$-" AM"
"145 LET t.t[lI'4131=MIS]=1I71='4181-M[10]=-M121-31

. 150 LET M14J=!4[6]=MI91=M(11}=30
155 LET 'M121=28
160 FILES FtRST::19,SECOND::19,THIRD::19
165 FILES FOURTII::19,FIFTII::19,SIXTII::19

170 FILES SEVNT1I::19,RESOLV::19,HOLDER::19i,:•'t175 READ #8,1

- - 180 FOR 11=0 TO,100 STEP 2
i 185 FOR J1=0 TO 100-11 STEP 2

S.190 PPINT *8;1.00000E+38
195 NEXT J3
200 NEXT 11
"2000 RE4 *** ORM'SUBROUTINE *
2005 OUTuVC "1'*",E
2010 LET !il=AI1]
2015 LET M2=A(21
2020 GOSUB 6000
2025 FOR 1=1 TO M2-1
2030 PRIqTr "WORKINGI"
2035 FOR K=I+1 TO M2
2040 GOSUB 6100

" " 2045 LET V=O
2050 - GOSU3 3000
2055 NEXT K

"S 2060 NEXTr I
2065 OUTDVC "L2",E

" 2070 PRINT ES"U"
2075 PRINT
2080 PRINT

"" 2085 GOSUB 5000
2090 PRINT TAB (20)"IIPLC DATA ANALYSIS"
"" 2095 PRINT TAIl(20)"RUN ";S[21;D$[S[3S-3,S(311;S141

'2100 GOSU8 33600

2105 GOSUB 3500
2110 OUTDVC "T*",E

- 2115 PRINT
,.2120 PRINT "DO YOU WANT TO PLOT LINES OF RESOLUTION? (Y/N)";

2125 INPUT C$
. "2130 IF C$1I,111"Y* THEN STOP

. 2135 PRINT
2140 PRINT "WIIAT IS THE MINIMUM RESOLUTION DESIRED ":
2145 INPUT R9
2150 PRINT "PEAK PAIRS ALWAYS RESOLVED GREATER THAN ";R9;"WILL BE IGNORED."
2155 OUTDVC "CI",E

" 2160 PRINT E$"U"
. 2165 LEr Z1=2

2'.70 RZM *** GET Y AND BETA VALUES *
2175 GOSUB 6000
2180 FOR 1=1 TO M2-1
"2185 FOR K=I+1 TO M2
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2190 GOSUR 6100
2195 PRINT
2200 PRINT

- I 2205 PRINT
2210 REM **, CIIECK FOR R9,-R9, AND 0 '*

2215 OUTDVC "T*",E
2220 PRINT E$"Ht',E$'J "

2225 PRINT " FOR PEAK PAIR ";"- "|K
2230 LET R7-Y-0

* 2235 PRINT *CHECKING FOR RESOLUTION OF -;Y
2240 GOSUB 5500

_ 2245 IF R7-1 THEN 2295
2250 LET Y=R9
2255 PRINT "ChECKING FOR RESOLUTION OF ";Y

* 2260 GOSUB 5500
"2265 IF R7-1 THEN 2295
2270 LET Y--R9
2275 PRINT "CIIECKING FOR RESOLUTION OF ";Y
2280 GOSUB 5500
2285 !F R7=1 THEN 2295
2290 IF Z1=3 THEN GOSUB 5700

2295 RFM *** PRINT HEADING '*

2300 PRINT EISb"
2305 OUTDVC -Cl",E
2310 IF R7-1 THEN PRINT E$IU"

S"2315 PRINT
2320 PRINTC 2325 PRINT " FOR PEAK PAIR *;I;"- ";K

- 2330 PRINT
2335 PRINT " BETA COEFFICIENTS (1-7)"
2340 PRINT BI;• 2 B3;84;85IB6;B7
2345 PRINT
"2350 PRINT
2355 REM *** CHECK POIHTS e

* 2360 PRINT " MFOH" ,"ACN","THF","Y"
2365 PRINT "-------------------------
2370 LET Xl-X2-.16
2375 LET X3-.68
2380 GOSUB 5800
"2385 LET XI-X3-.16
2390 LET X2-.68
2395 GOSUB 5800
2400 LET X1-.68

• 2405 LET X2-X3-.16
2410 GOSUB 5800
"2415 LET Xl-X2m0

" -2420 LET X3-1
2425 GOSUB 5800
"2430 LET Xl-X3-0

. : 2435 LET X2=l
2440 GOSUI3 5800

. 2445 LET XlI-
"2450 LET X2,X3-0
2455 GOSUB 5800
2460 PRINT ------------------- - ------------- - - ------

' 2465 PRINT
S2470 PRINT

2475 IF R7-1 THEN LET ZI-0
2480 LET Z1=ZI+l
"2485 IF R7-1 THEN GOSUB 4000
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2490 IF R7*1 THEN PRINT E$"&p5D"E$"&p5u0C"
"2495 IF R7#1 TIIEN PRINT "PEAK PAIR ";I;"- ";K;"IS ALWAYS RESOLVED ";R9
2500 IF R7-1 THEN GOSUB 5700
2505 NEXT K
2510 NEXT I
"2515 OUTDVC "T*",E

S "2520 PRINT ES"b"
S2525 PRINT "DO YOU WANT TO PLOT A DIFFERENT RESOLUTION (Y/N)";

2530 INPUT C$
2535 IF C$f1,1I]="" THEN 2140
2540 STOP
3000 REM *** CALCULATES BEST SEPARATION SOLVENT *
"3005 READ 98,1
3010 READ 19,1
3015 FOR 11=0 TO 100 STEP 2
3020 FOR Jl=0 TO 100-I1 STEP 2
3025 LET Xl=11/100
3030 LET X2=JI/100
3035 LET X3=1-Xl-X2
3040 LET Y=B1*X].+B2*X2+B3*X3+0B4X1*X2+B5*XI*X3+B6*X2*X3+B7*XI*X2*X3
3045 READ #8;Yl
3050 IF ARS(Y) <= YI THEN LET YI=ABS(Y)
3055 PRINT #9;Y1
3060 IF Ti <- V THEN 3080

• 3065 LET V=Yl
* 3070 LET X6=I1

3075 LET X7=J1
3080 NEXT 31

N3085 NEXT 11
3090 READ 18,1
3095 READ #9,1
"3100 FOR 11=0 TO 100 STEP 2
3105 FOR J1=0 TO 100-Il STEP 2
3110 READ 19;Y'
"3115 PRINT 08;Y
3120 NEXT J3
3125 NEXT I1
3130 RETURN
3300 REM *** PRINT BEST SEPARATION •
3305 LET XI-X6/100
3310 LET X2=X7/100
3315 LET X3=1-Xl-X2
3320 PRINT
3325 PRINT
3330 PRINT
"3335 PRINT TAB(15);-THE BEST COMPOSITION IS:"
"3340 PRINT
3345 PRINT TAB(10);"MEOH";TAR(25)h"ACN";TAB(40);"TIIF"
3350 PRINT TAB(11);X6;"%";TAB(25);X7;"%";TAB(41);(100-X6-X7);"%"
3355 PRINT
3360 PRINT TAB(5);,"THE WORST RESOLUTION AT THIS POINT IS "gV
3365 PRINT
3370 PRINT
3375 RETURN
3500 REM *** PREDICT ORDER OF ELUTION **
3505 GOSUB 6000
3510 LET I-CI1)"1
3515 LET W=20
3520 LET HiJl=T11,1J
3.52! FOR K=2 TO M2
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3530 LET C(Kj=K
3535 GOSUB 6100
3540 LET Y=Bl*Xl+B2*X2+B3*X3+B4*Xl*X2+B5*Xl~tX3+B6*X2*X3iB7*XlhX2*X3
3545 LET BIK]-W*Y+B[1I
3550 NEXT K

A3555 REM ** SORT
K;3560 FOR I-1 TO M2-1

3565 FOR J-I+1 TO M2
3570 IF 8IJI >- B(I) THEN 3605
3575 L9T Bl-Bf II
3580 LOT Ci=C (II
3585 LET CIZI-C[JI
3590 LET C(JjýC1
3595 LET B(II=BIJj
3600 LET B(Jj-B1
3605 NEXT J
3610 NEXT I
3615 PRINT TAB(15);"PREDICTED ORDER OF ELUTION"
3620 PRINT
3625 PRINT TAB(10);"PEAK I ',"RELATIVE RETENTION TIME*
3630 PRINT
3635 FOR lu1 TO M2
3640 PRINT TABC1OflC(II;TAB(35);BIIJ/60
3645 NEXT I
3650 RETURN
4000 REM PLOT GRID
4001 OUTDVC -C1",E
4002 PRINT
4003 P'RINT
4004 PRINT
4005 PRINT
4007 OUTOVC "T**,E
4010 DIM 1(211,J(211 ,L(21) ,M(21J,N(21J,O(211
4030 LET Gl-10
4040 LET G2-400
4050 LET Ki-il
.4060 LET D-G2/(Kl-l)
4070 FOR 1-1-1 TO Kl
40,80 LET A-I1-1
4090 LET tiII1JINT(G1+(0*G2+(1)*AD)/l)
4100 LET 3II1J=INT(G1+(2*G2+(-1)*A*D)/2)
4110 LET L[I1I=INT(Gl+.(1*G2+(-1)*AkD)/2),
4120 LET M(II1J=INT(Gl+(0*G2+(0)*4*D1*SQR (3)/2)
4130 LET N[II1IINT(Gi+(0*G2+(1)*A*D)*SQR(3)/2)
4140 LET O(II)=INT(G1+ (1*d2.(-l)*A*D)*SQR(3)/2)
4150 NEXT 11
4160 REM PRINT GRID
4170 PRINT E$"H"EWJ"E$o*rn2a 0,0 JibZ"E$"*dachlntZ"
4180 LET M=Kl-1
4190 FOR N-1 TO M
4200 LET L=N~1
4210 LET J-t(1-N
4220 PRINT E$"*pah"IILJ,mfI"Z"E$"*pbh"LIJI,OIJP"Z"
4230 PRINT E$"*pah"JILJ,N!L]"Z"ES"*pbh".I(Jj,M(J)"Z"
4240 PRINT E$"*pah*LILJ.O(LI"Z"E$"*pbh"JIJI,N(JJ"Z"
4250 NEXT N
W2f PRINT ES"*dO,OokSTIJF'
4270 PRItrýT E$"*d422,OOACN"
4280 PRINT E$"*d230,3500MEOH"
4290 PRINT ES"*dlT"
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4300 REM, *** PLOT LINES OF RESOLUTION *
4302 DIM X[101I,Y[0lI,P0loll,0[l0ll
4303 LET Y=R9
4304 GOSUB 4310
4305 LET Y--R9
4306 GOSUB 4310
4307 LET Y=0
4308 GOSUB 4310
4309 RETURN
4310 LET N=M=1
4311 FOR X=0 TO 100
4312 LET XI=X/100
4314 LET C1=B3+(B1-B3+85-b55*X1)*X
4316 LET C2=82-B3+86+(84-B5-B6 +7-07*Xl)*X1
"4318 LET C3=0-i36-B7*XI
4320 LET A=C3

" 4322 LET B=C2
4324 LET C=C1-Y
4326 LET D-B*B-4*A*C
4328 IF D<0 THEN 4370
4330 LET S=SQR(D)
4332 LET Rl=(0I-B+S)/(2*A)
4334 LET R2=(0-R-S)/(2*A)
4336 IF R1<0 THEN 4352
4338 IF R1>1 THEN 4352
4340 LET Q1=X1+R1
4342 IF 01>1 THI'N 4352
4344, LET X2=1-Q1
4346 LET X3=R1
4348 LET X(N]=cG+(X3+XI/2)*G2
4350 LET YIN] =G+X1*G2*SQR(3)/2
4351 LET N=N+I
4352 IF P2<0 THEN 4370
4354 IF R2>1 THEN 4370
4356 LET Q2=XI+R2
4358 IF 02>1 THEN 4370
4360 LET X2=1-Q2
4362 LET X3=R2
4364 LET P(MI GI+IX3+X1/2)*G2

* 4366 LET 1[Mt4G1+X1*G2*SQR(3)/2
4368 LET M=M+1
4370 NEXT X
4372 IF N<3 THEN 4392
"4374 LET YB=Y[lI
4376 LETý X8=Xj[)
4378 FOR 19=2 TO N-i
4380 LET X9=X[191

- 4382 LET Y9=YrI9]
"4384 PRINT ES"*pah"X8,y"Z"E$"* pbh"X9, Yg"z"
4386 LET XB=X9
4388 LET V8=Y9
4390 NEXT !9
4391 PRINT ES"*dtZ";Y
4392 PRINT ES(dtZ
4393 IF M<3 THEN RETURN

: "4394 LET Y8=01I
4396 LET XR=PlI.
4398 FOR 19=2 TO M-1
4400 LET X9=P[19}
4402 LET Y9=QI191
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4404 PRINT E$*pah"X8,Y8"ZwE$"*Pth"X9,Y9"Z"
"4406 Ler XP-X9

4408 LET YP.Y9
4410 NEXT 19
4412 PRINT E$"*dsZw
4413 PRINT Y
4414 PRINT E$"*dtZ"
4416 RETURN
5000 REM *** GET DATE AND TIME **
5010 DIM D$1481
5020 LET D$-"JAN FEB MAR APR MAY JUNEJULYAUG SEPTOCT NOV DEC "

5021 LET Z2=TIM(3)
5022 LET Z3=q
5023 LET 24-12
5024 IF 12/400-INT(Z2/400) LET M(2]-29
5025 IF Z2/100#INT(Z2/100) AND Z2/4-INT(Z2/i) LET M(21-29
5026 LET Z2=TIM(2)
5027 FOR Z=l TO 12
5028 LET Z2=Z2-MIZI
5029 IF Z2 <- 0 THEN 5031
5030 NEXT Z
5031 LET Si2]j,2+M[ZI
5040 LET S(41=TIM(3)
5060 LET S3 31-Z*4
5070 RETURN
5500 REM *** CALCULATES PREDICTED RESOLUTION VALUES ***
5502 PRINT E$"c"
5504 FOR X=0 TO 100 STEP 2
5506 LET Xl=X/100
5508 LET CI=B3+(B1-B3+85-35*X1)*X1
5510 LET C2-B2-R3+B6+.(B4,-BS-B6+B7-87*X1) *Xl
5512 LET C3-0-96-R7*X1
5514 LET A=C3
5516 LET R=C2
5518 LET C=C1-Y
5520 LET D-B*R-4*A*C
5522 IF 0<0 TIIEN 5548
5524 LET S-SOR(D)
5526 LET Rl=(0-o+S)/(2*A)
5528 LET R2-(0-B-S)/(2*A)
5530 IF R1<0 OR R1) TlIEN 5538
5532 LET QI=XI+RI
5534 IF 01>1 THEN 5538
5536 LET R7=1
"5538 IF R2<0 OR R2>1 THEN 5546
5540 LET Q2=XI+R2
5542 IF Q2>1 THEN 5546
5544 LET R7=1
5546 IF R7=1 TlIFN RETURN
5548 NEXT X
5550 RETURN
5700 REM *** NFW PAGE **
5702 ot0TnVc "C1",E
5704 PRINT FS"U"
5706 LET Z1=1
5708 RETURN
5 S^ REM *** CAI,CULATE PREDICTrD RESOLUTION VALUES *
5802 LET YsI*lXI4+'2*X24I33*X 3+ti4&X1*X2+15*X 1"X3+Bf6*X2*X3+B7*XlPX2*X3
5804 PRINT Xl*lU0,X2*100,X3*100,Y
5806 RETURN
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6000 REM ** RESET POINTERS **
" 6005 READ 01,1

6010 READ #2,1
6015 READ #3,1
6020 READ 14,1
6025 READl #5,1
6030 READ #6,1

' 6035 READ #7,1
6040 RETURN
6100 REM *** GET BETA COEFFICIENTS *
6105 READ #1l.Y
6.10 READ #2;Y2
6115 READ #3; Y3
6120 READ #4;Y4
6125 READ #5;Y5
6130 READ #6;Y6
6135 READ #7;Y7
"6140 REM SOLVE FORBETA COEFFICIENTS
6145 LET Bl-Y1
6150 LET 02-Y2
6155 IET 03-Y3
6160 LET I34=4*Y4-2* (Y1+Y2)
6165 LET 95-4*Y5-2*(YI+Y3)
6170 LET B6-4*Y6-2*(Y2+Y3)
6175 LET 87-27*Y7-12"(Y4+YS+Y6)+3"(Y.+Y2+Y3)
6180 RETURN
9999 END
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"APPENDIX C

DATA REDUCTION FORTRAN 77 VERSION
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This is basically a translated version of XLDB6A and B but with many
enhancements. It still has a section to plot lines of resolution on a

- "RHewlett-PacKard graphics terminal with a graphics printer capable of a RASTER
Dump but it is not limited to a graphics terminal. Extensive use of the
Hewlett-Packard graphics package "DGL" has been made. This allows the user to
use a 4 pen graphics plotter for output from a nongraphics terminal. Figure 1
of report text is typical of the output. This greatly simplifies selection of
a solvent. Another enhancement is that the output gives expected retention
time of named peaks for any selected composition and the minimum resolution
predicted at that composition. Table 3 of report text is an example of this
output.
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I MEO TREFU// I X/

3

"4 * VARIABLE IDENTIFICATION *

6 * INTEGER
7 •
8 * NUtPEAK # OF PEAKS CONSIDERED
9' LU OUTPUT LU I

10 * DATE TODAYS DATE AND TIME
11 ORDER TIlE PREDICTED ORDER OF ELUTION *
12 • PENI1PT NU1IBER OF POINTS FOR PEN i *
13 PEN2PT NUMBER OF POINTS FOR PEN 2
14 * PEN3PT NUMBER OF POINTS FOR PEN 3 *
"15 * PEN4PT NUMBER OF POINTS FOR PEN 4 •
16 ISAMPLE INTEGER REPRESENTATION OF SAMPLE NAME
.17 • ICOLUMN INTEGER REPRESENTATION OF COLUMN NAME •
18 * I MEOH INTEGER REPRESENTATION OF MEO[I VALUE a
19 I-ACN INTEGER REPRESENTATION OF ACN VALUE •
20 I-TIIF I!ITEGER REPRESENTATION OF TIIF VALUE •
21 • ISCALE FRACTION OF RESOLUTION AT BEST COIP •
22 PAGE COUNTER FOR ITEMS ON A PAGE •
23 • PLOT IHOLDS DECISION TO PLOT LINES OF RESOL •
24 • XARRAY ARRAY OF POINTS TO PLOT •
25 YARRAY ARRAY OF POINTS TO PLOT
26 * PARRAY ARRAY OF POINTS TO PLOT a
27 * QARRAY ARRAY OF POINTS TO PLOT •
28*
29 * REAL •
30* *

- 31 * COF CHROMIATOGRAPIIIC OPTIMIZATION FUNCTION •
32 * VOIDRT RETENTION TIME OF TIlE SOLVENT FRONT •
33 * WIDTH PEAK WIDTH !N SECONDS •
34 • KPRIME K* CAPACITY FACTOR a
35 " PEAKRT PEAK RETENTION TIM, !N MINUTES "
36 * RESVANT RESOLUTION DESIRED
37 • RESOLUTION RESOLUTION BETWEEN PEAKS
38 • MIN7VES MINIMUM RESOLUTION FOR POINTS IN TRIANGLE •
39 * BEsrRES WORST RESOLUTION AT BEST CONDITIONS a
40 * TIME PREDICTED RETENTION TIMES
41 * BESTXI AMOUNT OF MEOH AT. BEST COMP
42 ' BESTX2 AMOUNT OF ACN AT BEST COMP
43 * BESTX3 AMOUNT OF THP AT BEST COMT
44 * 19,J9,L9,M9,N9,O9 ARRAYS OF TRIANGLE LINES
45.* G1 OFFSET FOR PLOTTER a
46 * MAXIMUM VALUE FOR PLOTTER a
47 * PENIX X COORDINATES FOR PEN I
48 * PENlY Y COORDINATES FOR PEN I
49 * PEN2X X COORDINATES FOR PEN 2
50 * PEN2Y Y COORDINATES FOR PEN 2 •
51 • PEN3X X COORDINATES FOR PEN 3 a
52 • PEN3Y Y COORDINATES FOR PEN 3 •
53 a PEN4X X COORDINATES FOR PEN 4
54 • PEN4Y Y COORDINATES FOR PEN 4
"55 ' WIDE MAXIMU'I WINDOW WIDTI a

56 * IEIGIIT MANIMU:I WINDOW IIEIGIT .

57 Vf4AX VIRTUAL I'.AXIs),IUM
58 amI VIRTUAL r-IttIMU14
59 1 DETA1-BETA7 CIIPOHtATOGRAPIIIC BETA VALUES i-7
60 ' Y RESOLUTION AT A SPECIFIC COMIPOSITION

• -61 a FLOW SOLVENT FLOW RATE (ml/min) a
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62 *GO RERUN FLAG
*63 * CIIOSX1-CHOSX3 SELECTED SOLVENT COMPOSITION
-'64 * SCALE FRACTION OF THE BEST RESOLUTION

65'*
66~ *

*67 * ClIARACTER
68'
69 * PEAKcNAtME(35)*15 NAME OF THE PEAK

*70 * SOLV(7)*9 NAME OF SOLVENTS
71 * QIUEST*1 ANSWERS T') QUESTIONS
72 * FF'1 FORM FEEL

* -739* ESC'1 ESCAPE CODE
74 * FILE1'14 NAR1E OF DISC FILE HOLDING DATA

*75 * C MEO11*4 CHARACTER REPRESENTATION OF MEOll VALUE
7 *76 * C ACN*4 CHARACTER REPRESENTATION OF ACN VALUE

77 * C TIIF4 CHARACTER REPRESENTATIOtl OF T11F VALUE
78 *C3AMPLE* CHARACTER REPRESENTATION, OF SAMPLE NAME

79*CCOLUMN*16 CHARACTER REPRESENTATION OFCOLUMN NAME
80 * CSCALE*6 CHARACTER REPRESENTATION OF SCALE

83'* INITIALIZATION
84*

*85 PPOGRAM LCMAIN
86 COMMON /ONE/NUMP EAK, DATE, DESTX , BESTX 2, DESTX 3,PEAKNAME
87 COMMON /TWO/D3ESTRES,:4IN RES, WI DTH, KPRIME,P EAKRT, VOIDRT-
88 CO'1?-ION /THREE/RESOLUTION
89 COMMON /FOUR/PENlX,PEN1Y,PEN2X,PEN2Y,PEN3X,PEN3Y,PEN4XPEN4Y

* 90 COMMON /FIVE/PEN1PT,PEN2PT,PEN3PT,PEN4PT,ISAýWLE,ICOLUr4N,
91 1 1 llEOHl,I TU1F.! _ACJ, I SCALE
92 coFirt-or; /sTx/XARRAY,YARRAY,PARRAY,QARRAY
43 COM¶MON4 ESC,FF,r.U
94 INTEGER NUflPEAK,LU, DATE (15) ,ORDER,(35) CONTRL, IERR, PEN1PT.
95 1 PENl2PT,PEI43PT,PEN4PT,ISAMPLE(8),ICOLUMN(8),I MEOII(2),I THF(2),
96 1 I ACN(2),ISCALE(3),PAGEC,PLOT,XARRAY(101),YARUiY(101),
97 1 PKMIRAY(101),QARRAY(101)
98 RENL COF(7),VOIDRT(7) ,WIOTHf(7,35),KPRIME(7,35),PEAKRT(7,35),
99 1 RESWANT,RESOLUT1ON(7,35,35),MIINRES(0:50,0:50) ,BESTRES,TIME(35).

100 1 Bcs-rx1,aesrxý,i3EsTX3,XB(0:10),YB(0:10),XL(0:10),YL(0:10),
101 1 XR(0:10),YR(0:10),PENlX(1300),PENlY(1300),PENq2X(1000) 

,102 1 PFPM2Y(1000),PEN3X(1000),PFU13Y(1000),PEN4X(1000),PEN4Y(1000),
103 1 111 DE,lIEIGllT,VMAX,V1MIN
104 CIIARACTER PEAKNAME(35) 9ý5,SOLV(7) 99,FILE1'14,C t4EOII*4,C ACN*4,
105 1 C_ THF*4,CSNMPLE*16,CCOLUMN*16,CSCALE*6
106 C'IIRACTFER *1 ESC,FF,QUEST
107 DIIEIJSION LtJIUF(275)
108 EQUIVALENCE (C MEOll,I MtQi! ),(C THPF,I TtUF) ,(C ACN,I ACN),
10o 1 (CSAl*IPLE, I SAMPLE) , (Cý!OLtPN, IC?5LUMN) , (CSCALE?,I SCALE)
110 DATA SOLV ( 1) , SOLV (2) S~OLV (3) /',*lEoV, 'ACTIJ, I TIF'/
ill DATA SOLV(4) ,SOLV(S)/'lCrOft&ACI-', 'týIEON&TIIF 7,
112 DATA 'SOLV(6),SOLV(7)/'ACN&TllF','AL.L THREE'!
113 CSC=CI1AR(27)
114 FF=CIIAR(12)
115 m~ilp~r=0
116 P r.,N2PT=0
117 Pr.13 P T= 0
118 PET14PT=0
119 C *CllANlGr THE FILE TO FIT YOUR sysrrFm
120 FILE1(7:)-'::JC:3:9' I PREPARE FILE TO BE 0,4 LU JC,TYPt 3
121 CALL LG13UF(L!~JYF,275)
122 100 WRITE (1,290) ESC,ESC ! CLEA\R SCREEN A'hD PRINT QUESrlION
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123 READ (1,294) ICOLI.4N
124 WRITE(1,'(" ENTER THE SA4PLE NAME: ))
125 READ (1,294) ISAMPLE
126 WRITE(l,'(U' DO YOU WANT TO USE AN OLD DATA FILE? ")•;
127 READ (1,391) QUESt
128 IF (OUEST.NE. 'Y) THEN
129 WRITE (1,291)
130 READ (1,293) FILEI(:6)
131 OPEN (333,FILE-FILEIlOSTAT-IOS1,ERR,,910,STATUS-'NEI•')
132 ELSE
133 WRITE (1,292)
134 READ (1,293) PILE1(:6)
135 OPEel (333,PILE-FILE1,IOSTAT-IOSI,ERR-910.STATUS- OLD*)
136 REWIND (333)
137 READ (333) PEAKNAME
138 DO 105 1-1,7
139 READ (333) VOIDRW(I),(PEAKRT(I,J),WIDTII(I.J),J-1.35)
140 105 CONTINUE
141 WRITE (1,289)
142 READ *,NUMPEAK
143 IF (NUrIPEAK.EQ.O) STOP
144 GO'I 225
145 ENDIF
146'
147 *" GET PEAK DATA
148
149 200 WRITE (1,289)
150 READ *,NUMPEAK
151 IF (NUMPEAK.EQ.0) STOP
152 IF (?JUMPEAK.LT.2.OR.NUMPEAK.GT.35) GOTO 200
153 DO 220 1-1,7
154 WRITE (1,280) -SOLV(I)
155 READ *,VOIDRT(I)'
156 IF .(VOIDRT(I).EQ.0) STOP
157 IF (I.LT.2) THEN
158 WRITE (1,281)
159 DO 205 J-1,NUMPEAK
160 WRITE (1,282) J
161 READ *,PEAKRT(I,J),WIDTH(I,J),PEAKNAME(J)
162 205 CONTINUE
163 ELSE
164 210 WRITE (1,283)
165 DO 215 J-J,NUMPEAK
166 WRITE (1,284) PEA)N.AME(J).
167 READ *,PEAKRT(I,J),WIDTlr(I,J)
168 215 CONTINUE
169 ENDIF
170 220 CONTINUE
171 *
172 '" PRINT INPUT
173
174 225 WRITE (i,285) VOIDRT
175 DO 230 -1*,NUMPEAK
176 WRITE (1,286) I,PEAKINAliE(I),(PEAKRT(JI),J=1,7)
177 WRITE (1,287) '(WIDTII (J,I),JI1,7)
178 230 CONTINUE
179 WRITE (1,288)
180 280 FORNIAT (/,'ErITER THE RETENITIONTIIIE IN) FOR SOLVENT A9,
181 1' <O-EXIT>')
182 281 FORIMAT (/,'ENTER TIlE RETENTION TIME (HIN), PEAK WIDTH (SEC),',
183 1 P-EAK. IJAlE',/, 'PEAK 0 trr WIDTI! NAME')

C-5



""',184 282 'FORMAT (Tl212lX,m _01"185 283 FOR4AT (/"'ENTER RETENTION TIME (HIN), AID PEAK WIDTH (SEC)*,/,

186 1 PEAK wr WIDTH')
187 284 FOR:IAT (T2,AI5,1X, ")
188 285 FORMAT (/,T48,'ACN& ,T57,'TIIF&.,T66,'ACN&.,T74,°MEOII&',/,T21,
189 1 '"EOl ACM T. i F 1 EOII MEOI! TilTF 4CTIIF "r
190 IT22,'IT31,'2*.T40,'3.,T49,'4",T58,'5',T67,°6',T76,°7°,/,TI9,
"191 1, '------------------------------------------------------------------ /
192 ITS, SOLVENT FRONT',T21,F5.2,6F9.2,/)
193 286 FOMIAT (13,X1,A15,T21,F5.2.6F9.2)

: '." 194 287 FOR4AT (T22,( ,13),T31, ( 13,C) ,T40,(°,13,T49,°(',13,
195 1') ,TSB.'('.13,°) ,T67,°(°13.')°'T76,'( '.13.')')
196 288 PWO .IAT (T19, ---------------------- -

197 1 -------------
198 289 FORfIAT ('ENTER THE NUIBER OF PEAKS PER SOLVEUlT. (2-35) <O-EXIT>')
199 290 FOIrIAT (Al,'II',AI,'J',//,T30,'IIPLC OPTIMIZATION'//,
200 1' ENTER THE COLUMN NAME: -

201 291 FoRtAT C ENTER THE NAME OF TIlE REW FILE. )
202 292 FORIAT ( ENTER THE NAME OF THE OLD FILE. -

203 293 FO RtIA T (A6)
204 294 FORM-IAT (8A2)
205 295, FORIIAT (Al,'l1',Al,'J')
206
207 ***** ** CHANGE SECTION *
"208 a
209 300 WRITE (A,'(* ARE TH1ERE ANY CHANGES? )')
210 READ'(1,391) QUEST
211 If (QUEST.NE. 'Y') GOTO 320
212 WRITE (1,'(" DO YOU WANT TO CHANGE A NAVE? _)")
213 READ (1,391) Q00ST
214 IF (QUEST.NE. 'Y') GOTO 305
"215 WRITE (1,'(- ENTER THE PEAK # o)")

"d 216 READ *,I
217 WRITE (1,394) I,PEAKNAME(I)
218 READ *,PEAKNAME(I)
219 GOTO 315
220 305 WRITE (1,'( WHICH SOLVENT?_)')

. 221 REAl) *,I
222 310 WRITE (IV'("WHAT DO YOU WAwr CHANGED? (VOIORrPEAKRT,OR WIDTH))')
223' READ (1,391) QUEST
224 IF (QUE'>".EQ.'V') THEN
225 WRIT1 (1,385) VOIDRT(I)
226 READ *,VOIDRT(I)
227 ELSEIF (QUEST.EQ. 'P') THEN
228 WRITE (1, (" WHlCIi PEAK # 7 u),)
229 READ *,J
230 WRITE (1,386) PEAKNAt.lE(J),PEAKRT(I,J)
231 READ *,PEAKRT(I,J)
232 ELSEIF (QUESFEQ. 'W°) TILEN

*.- 233 WRITE (1,W(" WHICH PEAK # ?"_')
234 READ *,J
235 WRITE (1,387) PEAKNAME(J),WIDTII(I,J)
236 READ *,WIDTH (1,J)
237 ELSE
238 GOT0310
239 EINDIF
240 WRITE (l,'(" ANY OTHER CHAtiGES FOR THIS SOLVENT? ")")
241 READ (1,391) QUEST
242 IF (2UEST.EQ.'Y') GOTC 310
"243 315 WRITE (!,'(-ANY OTHER CIIANGES? ")')
244 READ (1,391) QUEST
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245 IF (QUEST.EQ.2Y') GOTO 305
246 GOTO 225

/ .•247 * WRITE TIlE DATA TO THE DISC FILE
248 320 REV1IND (333)
249 WRITE (333) PEKNAME
250 DO 325 I, 1,7,r-t  251 WRITE (333) VOIDRT(I),(PEAKRT(I,J),WIIyrla(I,J).J-1,35)• ,q252 325 CON4TINUE

253 CLOSE (333)
254 WRITE,(I,'("DO YOU WANT TO ANALYSE TIlE ENTIRE LIST? <YIN> ))j 255 READ (1,391) QUEST
256 IF (QUEST.EQ. Y') GOTO 360
257 WRITE (1,'(HOW MANY PEAKS DO YOU WANT TO ANALYSE? ))
258 READ *,NUHtPEAK
259 DO 335 I-I,NU'4PEAK
260 WRITE (I,'("ENTER.A PEAK NU:IBER. ))
261 330 READ *,ORDER(I)
262 WRITE (1,395) ORDER(1),PEAKIIA4E(ORDER(1))
263. READ (1,391) QUEST
264 IF (QUEST.NE.'Y ) THEN
265 WRITE (1, 1(ORE-ENTER THE PEAK I. ))

. 266 GOTO 330
267 ENDIF
268 335 CONTINUE
269 DO 345 I-I,NU!IPEAK-1

* 270 DO 340 JI+I,NUMPEAK
"271 IF (ORDER(J).LT.ORDER(I)) THEN
272 ORD1 -ORDER (I)
273 ORDER(I)-ORDER(J)
274 O.RDER(J)-ORD1
275 ENDIF
276 340 CONTINUE

" 277 345 CONTINUE
278 DO 355 1-1,NUMIPeAK
"279 PE.!'dIE( I) -PEAKNAME (ORDER (I))

' 280 DO 350 J-1,7
281 PEAKRT(J,I)-PEAKRT(J,ORDER(I))

. 282 WIDTH(J;l)-WIDTII(J,ORDER(I))
S283 350 CONTINUE

284 355 CONTINUE
- 285 360 DO 370 1-1,7

286 VRr-VOIDRT(I)*6n
287 DO 365 J-1,NUMPEAK
288 RT-PEAKRT (I ,J) *60
289 KPRI ME(IIJ)(RT-VRT)/VRT
290 365 CO:ATINUE
291 370 CONTINUE
292 375 WRITE (1,388)
293 READ *,LU

* 294 C CHANGE TIlE LU NUMBERS TO FIT YOUR SYSTEM
295 IF (LU.EQ.6) WRITE (LU,389) I FORM FEED LINE PRINTER
296 IF (LU.EQ.7.OR.LU.EQ.53)'WRITE (LU,*) FF I FF 9871 OR 9876

:297 IF (LU.NE.I.AND.LU.NE.6.AND.LU.NE.7.AND.W.NE.53) COOTO 375
298 CALL FTIME(DATE)
299 WRITE (LU,390) I SKIP 3 LINES
300 WRITE (LU,392) DATE,CCOLUMN,CSAMPLE
301 WRITE (L11,285) VOIDRT
302 DO 380 1=1,NUMPEA!
303 WRITE (LU,286) I,PEAKNAME(I),(PEAKRT(J,I),J=1,7)
304 ;iRITE (LU,287) (WIDTH(J,I),J-1,7)
305 380 CONTINUE
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S306 WRITE (LU,288)

307 385 FORkIAT (- VOIDRT= ".FS.2,0 NEW VALUE IS TO LE "," e)
" 308 386 FORILAT (T2,A15," RETENTION TIME - ",F7.2," NEW VA.UE "," ")
309 387 FOR4AT (T2,Al5," PEAK WIDTH - ",F7.2,- NEW VALUE ". )
310 C lCHANGE THE LU NUMBERS TO FIT YOUR SYSTEM
311 388 FQr4AT (/,' WHERE DO YOU WANT TIlE OUTPUT ?-,/,TIO,- - TillS TERM-.
312 IINAL 0,/,TI'O"6 - THE LINE PRINTER" /,TIO,"7 - TIHE DAISY WHEEL ",
"313 1"PRIN'rER-,/,Tl0,"53- THlE THERMAL PRINTER")
"314 389 FOlZ4AT (-l-)
315 390 FORrIAT (/,/)
316 391 FORM-IAT (Al)
317 392 FOrI•AT (T30,'IIPLC OPTIMIZA'1ION',//,T23,'15A2,//,t34,'INPUT DATA"./,
318 IT20,'COLUJi4 :',A16,T45,'SA.IFLf" :',Al6,//,T25,*(DA'fA IS CORRECTED',
319 1 TO 1.00 ml/min)')
320 393 FORMAT (A15)
321 394 FORIIAT 1 PEAK ',12,1 ý' JRRENTLY ",Al5,/, LNTECR TILE NEW ,

322 1 'NAIIE
• 323 395 FORHAT (7,'PEAK 1 °,12,' IS CURRENTLY °,A15,' OK? <Y/N> )

324 *
325 ************e********* CALCULATE RESOLUTIONJS.... 326

. 327 DO 410 1=1,7
328 DO 405 J31,NUMPEA K-I

f 329 DO 400 K-J+I,NUIPEAK
330 RESOLUTION (I,JK)=(PEAKRT(IK)*60..-PEAKRT(I.J)*60.)i

' "331 1 ((WIDTII(I,K)+WIDTII(I,J))*0.5)
332 400 CONTINUE

i 333 405 CONTINUE
334 410 CONTINUE
335 WRITE (I,-(" DO YOU WANT TO CALCULATE TIlE COr 7 <Y//4' > ))
336 READ (1,391) QUEST
"337 IF (QU ST.EQ. 'Y*) THEN
338 415 WRITE (1I,(" ENTER THE DESIRED RESOLUTION. ")
"339 READ *,RESWANT

P 340 IF (RESWANT.LT.0) GOTO 415
341 DO 430 1=1,7
"342 COF(I)-0
343 DO 425 J-1 ,IJUMPEAK-1
"344 DO 4'20 K=J+I,NUr4PEAK
345 Z-RESOLUTION(I,J,K)/RESWANT
346 IF (Z.LE.0) GOTO 420
347 COF(I)=COF(I)4+ALOG(Z)
348 420 CONTINUE

. 349 425 CONTINUE
350 430 COtTINUE
351
352 " OUTPUT
353 *
354 DO 450 I-1,7
355 C CHANGE THE LU NUMBERS TO FIT YOUR SYSTEM
356 IF (LU.EQ.6) WRITE (LU,389) I FORM FEED LINE PRTNTER
357 IF (LU.CQ.7.OR.LU.EQ.53) WRITE (LU,*) FF I FF 9871 OR 9876
358 WRITE (L'J,490) SOLV(I),VOIDRT(I)
359 DO 435 J=1,NU.IPEAK
360 WRITE (LU,491) PEAKNA-IEC(J),PEAKRT(I,J),WIDTII(IJ),
361 1 KPRIME(I,J)
362 435 CONXTINUE
363 WRITE (LU,492)
364 DO 445 J-I,NUMPEAK-1
365 DO 440 *•J+IM,rUVIPEAK
366 13- INDEX IPEAKIJAHE (J), °)
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367 IF (13.GT.15.OR.I3.LT.1) 13-15
368 WRITE (LU,493) PECKNAME(J)(:13),PEAKNAfl6(K),

- 369 1 RESOLUTION (1,J,K)i 370 440 CONTINUE
371 445 CONTINUE

. 372 HRITF (LU,494) SOLV(I),C3F(I)

. 373 450 CONTINUE
* 374 EIIDIF
* 375 490 FOKIAT (//,TS,*TIME ZERO FOR SOLVENT *,A9," IS',F7.2,
--. 376 1 UN2.,//," INGREDIENT*,T20,'RETENTIOC4 TIME',T37,'I3AND WIDTli*,

377 ITS0,*CAPACITY*./)
378 491 FORHAT (T2,A15.T25,T5.2,T40,13,T51,'6.2)
379 492 FORMAT '//,T8,' FOR PEARS',T35,"RESOLUTION ,/)

. * 380 493 FORMAT I"'2,Ri5,'- *,AS,T36,F8.3)
381 494 FORMAT (//,' CHROMATOGRAPIIIC OPTIMIZATION FUNCTION (COF) FOR ,

" 382 1A9,° IS°,F9.4)
383' *

• .. ~384 **O"****** ******e.** h*******************. ****h**I,,**.***** h*******h*****

385 * CALLS TO SUBROUTINES *I 386 500 GO-O
- 387 505 CALL LCSORT (GO)

388 WRITE (1,'(DOO YOU WANT A PLOT OF THE RESOLUTION POINTS? ))
389 READ (1,391) QUEST
390 IF (QUEST.EQ.'Y') CALL LCPOINr
391 WRITE (l,'(*DO YOU WANT A PLOT OF THE RESOLUTIO'I LINES? m)-1
392 READ (1,391) QUEST
393 IF (QUEST.EQ.*Y¥) CALL LCLINE
394 WRITE (l,°(-DO YOU WlANrT TO CALC FOR A DIFFERENT SOLVENJT? ))
395, REND (1,391) QUEST
"396 GO4l
"397 IF (QUEST.EQ.2Y°) GOTO 505
398 WRITE'(,'(" TilE END I")*)

. 399 C CHANGE THE LU NUMBERS TO FIT YOUR SYSTEM
400 IF (LU.EQ.6) WRITE (LU,389). I FORM FEED LINE PRINTrER
401 IF (LU.EQ.7.OR.LU.EQ.53) WRITE (LU,*) FF I FF 9071 OP. Sd76

"" 402 STOP
"403' *
-. 404********************* 'ERROR SECTION ********************************
405' *
"406 910 WRITE (1,980) IOS1

% 407 980 FOR4AT (,./,'ERROR INOPEN STATEMENT. IOSTAT ' ",14)
m 408 END
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* ~409'
410 BEST SEPARATION SECTION * * * ~ *
411'
412 $Ei& /TIWO/,/TflREE/$,/FOUR/,/SIX/
413 SU3IVUTINE LCSOKrr (GO)
414 COMMON A).4E/NUMPEAK,DATE,BESTX1,DESTX2,BESTX3,PEAKUIAI4E
415 COMMON /TWO/B3ESTRES,P4INRES,WIDTI, KPRIMC ,PEAKRT,VOIDRT
415 COMtMON /THREE/RESOLUT ION
417 COMMON /FIVE/PENIPT,PEH2PT,PEN3PT,P.EN4PTISAMPLE,ICOLUr4N,
418 1 I MEOHtI TIIF,I ACN,ISCALE
419 CORM~ON ESC,FFLU
420 INTE.GER NUMPEAK,LU,DATE(15) ,OROER(35),CONTRL,IERR,PEN1PT,
421 1 PEN2PT,PEH3PT,PEN4PT,ISAMPLE(o),ICOLUr4N(8),I-MEOII(2),I-TIIFC2),
422 1 1 ACN(2),ISChLE(3),PAGEPLOT
423 REKL VOIDRr(7),WIDTH(7,35)..KPRII4E(7,35),PEAKRT(7,35).
424 1 RESOWTION(7,35,35),MINRES(0:50,0:50)tBESTRES,TIME(35)#
425 1 BESTX1,BESTX2,BESTX3
426 CHARACTER PEAKNAME(35)*15,FILEI'14,C MEOH'4,C-ACN*4,
427 1 C TIIF'4,CSAMLFI.E16,CCOLUMNN16,CSCALE*6
428 CHXRACTER *1 ESC,FFQUEST
429 EQUIVALENCE (C MEOH I IMEOII),(C THF,I THF)t(C ACN,I-ACM),
430. 1 (CSA1I'LE.ISAMFLE) ,(CCOLU#4N,ic7OLUMNJ)7(CSCALEISCALE)
431 IF (GO.GT.0) GOTO 145
432 100 DO 110 1-0,50
433 DO 105 J=0,50-1
434 M4INRES(I,J)-1.OE38
435 105 CONTINUE
436 110 CONTINUE
437 WRITE (1,388) ESC,ESC I REVERSE V1DIO AND PRINT "WORKING"
438 DO 130 In1,NUMPEAK-1
439 IF (I.GT.1) WRITE (1,389) ESC,ItESC I REVERSE VIDIO AGAIN
440 DO 125 JulI+,NUI4PEAK
441 BEThl m RESOLUTION (1,1,3)
442 BETA2 =RESOLUTION'(2,1,J)
443 I3ETA3 - RESOLUTION (3,1.3)
444 13ETA4 4.O*RESOLUTION (4,1,J) - 2.0*(OETA1+I3ETA2)'
445 BETAS a 4.0*RESOLUTION (5,I,J) - 2.0*(BETA1+I3ETN3)
446 BETA6 = 4.0*RESOLUTION (6,I,3) - 2.0*(BETA2+DETA%3)
447 BETA? a 27.0*RESOLUTION(7,1,J) - 12.0*(RESOLUTION(4,1,J) +
440 1 RESOLUTION(5,1,J)+RESOLUTION(6,1,J) )+3.0*(BETAI+BETA2+BETA3)
449 DO 120 11-0,100,2
450 DO 115 J1-0,100-I1,2
451 XL-I1/100.
452 X2-J1/100.
453 X3-1. 0-X1-X2
454 Y-BETAI*X1+BETA2*X2+BETA3*X3+DETA4*X1X2+BETA5*X1*X3+
455 1 DETA6*X2*X3+BETA7*XX'X2*X3
456 Y=ABS(Yi
457 12-11/2
458 J2-J1/2
459 IF (Y.LE.MINRES(I2,J2)) MINRES(12,J2)-Y
460 115 CONTINUE

*461 120 CONTINUE
*462 125 CONTINUE

463 130 CONTINUE
464 "' SELECT THE BEST COM4POSITION AND ITS WORST RESOLUTION

*465 WRITE,(1,380) ESC,ESC I CLEAR THE SCREEN
466 BESTRES-0
467 Do 140 1=0,50
468 DC 135 J-0,50-I
469 IF (MINRES(I,J).GT.BESTRES) THEN
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470 BESTRES-MINRES (I .J)
471 DESTX1-=* 2. 0
472 BESTX2-J*2.0
473 BESTX3*100.-BESTX1-BESTX2
474 ENDIF

-475 135 CONTINUE
476 140 CONTINUE
477.
478 ************ PRINT BEST SEPARATION *

I, :.479 '
480 C CHANGE THE LU NUMBERS TO FIT YOUR SYSTEM
481 145 IF (LU.EQ.6) WRITE (LU,381) I FORM FEED LINE PRINTER
482 IP (LU.EQ.7.OR.LU.ED2.53) WRITE (LU,*) FF I FF 9871 OR 9876
483 WRITE (LU,382) I SKIP 3 LINES
484 WRITE (LU,385) DATE,CCOLUMN,CSAMPLE,BESTX1,BDSTX2,BESTX3,BESTRES
485 *
486 *************** PREDICT ORDER OF ELUTION *
487'
488 CiHoSX1,BESTX1
489 CHOSX2wBESTX2
490 CtIOSX3=BESTX3
491 IES-BESTRES
492 WRITE (I,'("WHAT FLOW RATE ARE YOU INTERESTED IN? "))
493 READ *,FLOW
494 WRITE (1,'("DO YOU WANT TO CHOSE YOUR OWN COMPOSITION? _')
495 READ (1,383) QUEST
496 IF (QUEST.EQ.'Y') TIIEN
497 WRATE (1,385) DATE,CCOL't4N,CSAMPLE,BESTXI,DESrX2,BESTX3,BESTRES
498 WRITE (1,'("ENTER COMPOSITION YOU WANT TO CALC RES TIMES FOR")')
499 RE.nD *,CIIOSX1,CIIOSX2,CEiOSX3

o500 IINT(CIIOSX1/2.0)
"501 J-INT (CIOSX2/2. 0)
502 RES-MINRES(I,J)
503 IF (LU.EQ.6) WRITE (LU,381) I FORM FEED LINE PRINTER
504 IF (LU.EQ.7.OR.LU.EQ.53) WRITE (LU,*) FF I rF 9871 OR 9876
505 WRITE (LU,38'h) DATE CCOLUMN,CSA•PLE,CHbSX1,CIOSX2,CHOSX3,RES
506 ENDIF
507 DO 200 I-=I,NUMPEAK
508 ORDER(I)=I
509 200 COITINUE

. 510 DO 205 I=1,NUMPEAK
511 BETA1 - KPRIME(1,I)
512 BETA2 - KPRIME(2,I)
513 BETA3 - KPRIME(3,I)
514 BETN4 - 4.0*KPRIME(4,)1-2.0 (BETAI+0ETA2)
515 BETA5 - 4.0*KPRItME(5,I)-2.0*(BETAI+DETA3)
516 BETA6 - 4.0*KPRIME(6,I)-2.0*(BETA2+BETrA3)
517 DETA7 = 27.0*KPRIME(7,1)-12.0"(KPRIME(4,1)+KPRIME(5,I)+
518 1 KPRIfE (6, I) ) +3.0* (BETA 1+BETA 2+BETA3)
519 X1=CIOSX1/100.
520 X2 CHOSX2/100.
521 X3=CHOSX3/100.
522 Y• (3ET? 1*X 1+BETA2 k X 2+8ETA 3' X3+BETA 4" X IX 2+BETA5*X 1'X3+
523 1 BErA6*X2*X3+3ETA7*XI*X2*X3)
5Z4 TVIS(I• () =V0 IDRT(I1) 1 (+V)
525 205 COlTIllUE
526.*
527 * SELECT ORDER *
528
529 DO '15 I=I,t4UMPEAK-1
530 DO 210 JwI+I,NUMPEAK
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*531 IF (TINE(J).LT.TIME(I)) THEN
532 ORDI1ORDEI?(I)
533 ORDER(I)=ORDER(J)
534 ORDER(J)=ORD1
535 Tl1TIME(I)
536 TIME(I)-TIME(J)
537 TIME(J)=Tl
538 ENDIF
539 210 CONTINUE
540 215 C01TINUE
541 WRITE (LU,386) FLOW
542 DO 220 1-1,NUMPEAK
543 J-OROER(l)
544 WRITE (LU,387)1,PEAKNAME(J),TIMa!I).T!INE(I)/FLOW
545 220 CONTINUE
546 C CHANGE THE LU NUMB3ERS TC PIT YOUR SYSllM
547 IF (LU.EQ.6) WRITE (LU,381) I FORM ?'EEO LINE PRINTER
546 IF (LU.EQ.7.OR.LU.E2l.53) WRITE (LU,*) FF I FF 9871 OR 9876

*549 380 FOll~lAT (Al, H',A,''J')
550 381 FORMAT ("1")
551 382 FORI¶AT(//
552 383 FORNIAT (Al)
553 384, FORMAT (T30, HPLC OPTIIIIZATION4',/,T23,15A2,//,T32,
534 1'IDATA ANAC.YSIS',/,T20,'COLUMN : ,Al6,T45,'SaiMPLE -*,A16,//,T25,
555 17)TIE SELECTED COMrOSITION IS :',/,T21.'MEOII,T36,

557 1lTlhE WORST RESOLUTION AT THIS POINT IS ItF7.3,//)
558 385 FORMAT (T30,'HPLC OPTINIIZATION',/,T23,15A2,//,T32,
559 1'VATr. ANNLYSIS',/,T20,'COLUM.4 -,Al6,T45,'SAMPLZ ;.k'16,//,T25',
560 l'.TIE BEST2 COMPOSITION IS : /-1'21,'-EOHf, IT36, ACNW,'i52, 'THF-0/
561 1T21,I3,' %',T35,I3,' S'T51:,I,' %//T 15,'THIE WORST RESOLUTION%
562 11' AT THIS POINT IS ',F7.3,//)
563 386 FORMAT (//,T27, I'REDICTED ORDER OF EWATION',/,/,T40,'REL.A'IVE -
564 1'RcTENTION Tii.M' ,/,T4, 'INGREDIENT , T40,'1.00 mi/min
565 325.2,' ml/min',/)
566 387 rOr4APT (T16,12,T24,Al5,T42,F6.2,T55,FE.2)
Q7 388 FORMAT i//,A1,'dCWRIG 1,1&)

508 389 FOWIAT, (,k1,'&d)C WORKING! ,I3,Al, &8@)
56,; RETUiRN
570j EN4D
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57 1
572 ************SUBROUT'INE TO PLOT POINT GRAPH
573*
574 $ZM4N /TWO/,/TIIREE/,/FOUR/,/SIX/
575 SU1DRVUTINE LCPOINT
575 COMMON /Ot4E/NUýPEAK,DATE,DESTX1,BESTX2,I3ESTX3,PEAKNN4AlE

N577 COI?ON /TWO/13ESTRES,M4INRES,IIDTII,KPRIME,PEAKRT,VOwIDRT
578 CO~flO-N /FOUR/PENIX,PEN1Y,PEN2X,PEN2Y,PEN3X,PEN3Y,PEN4X,PEN4Y
579 COMMON /FIVE/PEN1PT,PEN2PT,PEN3PT,PEN4PT,ISAMPLEUICOLUI-MU,
580 1 1 MEOH,! THF I ACNISCALE
581 CoIIM-ON ESC,FPFLT
582 IN~TEGER NUMPEP.K,DATE'15),CONTRL,IERR,PENIPT,
583 1 PEN2PT,PEN3PT,PEN4PT,ISAMPLE(8),ICOLUMNI(8),XMEOII(2),I-THF(2),
584 1 1 ACN(2),ISCALE(3),PAGE,PLOT
585 REAL WIDTH(7,35),!EPRIflE(7,35),PEAKRT(7,35),
586 1 RESWANIT,M-INREs(0:50,O:50),BESTRES',
587 1 DES-TX1,rESTX2,BESTX3,X3(0:10),,YB(0:10),XL(0:l0),YL(0:JO),
588 1 XR(0:10),YR(0:10),PEN41X(1300),PE141Y(1300),PEN2X(1000),
589 1 PE1N2YC1000),PEN3X(1000),PEU13Y(1000),PEN4)(ý(1000),PErJ4Y(1000),
590 1 WIDE,1nEIGr-,vA4AX,VMIt4
591 CHARACTER C MEOH*4,C ACfi*4,
592 1 C TIIF*4,CSA!MWLE*16,.COLUMNlt*16,CSCALE*6
593 CH4AR'ACTER '1 ESC,FF,QUEST
594 EQUIVALENCE (C MEOH,I MEOII),(C TIIP,I THF),(C ACN,I ACN),
595 1 (CSAMPLE, ISAMrL E) , (CCOLUMN, I C1LU14N) -(CS CAL E7,ISCALLO)
.596*

598 '.PLOT 14INIMUM RESOLUTION
599 Glw20.
600 G2-350.
601 Y -INCR-G2*(SQRr(3.0)/2)/,10.
602 bo 500 11-0,10
603 .T

* '.I04 )J±4INT(G1+(Y INCR*F)/(SQRT(3.0)/2)1
605 Th(i1)-INT(G1)
606 XL(I1)-INT(G1.(Y INCR*F)/(SQRT(3.0)/1))
607 Y!,(I1)=-TNT (GJ.+(Y-INCR*F) )
608 XR(I1)=IN~r(Gl+(Y INCR'10+Y ItJCR*F)/(SORT(3.0)/l))
609 YR(Il)=xN'r(G1+(Y-INCR*cio-T1)))
610 500 CONTINUE
611 WRITE(1,590) ESC,ESC I PEVERSE VIDIO PRINT "PLOW'ING"
612
613 SELECT PEN COLOR *
614*
615 SCALE-BESTRES/4.0
616 K-1
617 L-1
618 M-1
619 N=1
620 DO 510 1-0,50
621 DO 505 J-0,50-I
622 Xl=7*2./100.
623 X2=3*2./100.
624 X3=1.0-Xl-X2
625 X=C1+(1.0-X3)*c,2/2+(1.0*X2*G2/2)
626 Y=Gl+iX1*G2*SQpr(3.0),2)
627 RES=?MqNRES (1,J)
628 IF (RES.LE.SCALE) THEN
629 PEq1X(K)=X
630 0 tI1Y(K) Ty
631 !)EN1PT=K
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633 ELSEIF (RES.LE.(SCALE*2.0)) THENI
634 PEN2X(L)-X
635 PEN2Y(L).Y

637 L"L+l
638 ELSEIF (RES.LE.(SCALE* 3.0)) THEN
639 PEN3X(M)-X
"640 PEN3Y(M)UY
641 PEN3PT-M
642 Mt44+1
643 ELSEIF (RES .LE.(SCALE*3.75)) THEN
644 PEN4X(N)-X
645 PEN4Y(N)-Y
646 PEN4PTi
647 N-N+I
648 ENDIF
649 505 CONTINUE
650 510 CON4TINUE
651 *
652 ****** PLOT TRIANGJLAR GRAPH (USES H-P DGL GRAPHICS PACKAGE)
653 *
654 CO4TRLw0
655 CALL ZI3EGN
656 C CHAN4GE "54' TO FIT YOUR SYSTE4
657 CALL ZDINT (54,CONTRL,IERR) I INITIALIZE PLOTTER ON LU 54

658 VMIN-0.0
659 VMAX=1.0
660 WIDE -410 1 TilE MAX X VALUE IN WORLD COORDINATES
"661 HEIGIIT=410 I TilE MAX Y VALUE IN WORLD COORDINATES
662 XLI1.1=225 I TilE MAX X DISTANCE IN MILLImErERS
663 YLIM=225 1 THE MAX Y DISTANCE IN MILLIMETERS
664 CALL ZWIND (VMIN,WIDE ,VMIN,IIEIGHT)
665 CALL ZDLIM (0,XLIM,0,YLIM,IERR)
666 CALL ZASPK (XLIM,YLIM)
667 CALL ZVIEW (VMIN,VMAX,VMIN,VIIAX)
"668 LMlI=10/2
669 DO 520 1110,5
670 CALL ZMOVE (XL(Nl) ,YL(41))
671 CALL ZDJRAW- (XB(Nl),YB(t[l))
672 CALL ZDRAW (XR(IIl) ,YR(Nl))
673 IF (tII.LT.LM1) THEN

674 N2-10-NI
675 CNLL ZDRAW (XL(N2),YL(1l2))
676 CALL ZDRASI; (XB(,42),YB(N2))
677 CALL ZDRAW (.XR(N2),YR(!12))
678 ENDIF
679 CALL ZDRAW (XL(N) ,YL(N'1))
680 520 CONTINUE
681 CALL ZZICUR
682 CALL ZCSIZ (8.75,12.5)
683 CALL ZCOLR (1)
684 X=5
685 Y=5
686 CALL ZMOVE (X,Y)
687 CALL ZTEXT (3,-AITHF)

688 X=360
689 V=5
690 CALL ZMOVE (XY)
691 CALL ZTEXT (3,311ACN)
692 X=180
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693 Y-335
694 CALL ZMIOVE (X,Y)
695 CALL ZTEXT (4,41MeO1f)
"696 WRITE (C tIEOl,'(14))) BESTX1
697 WRITE (C-ACN,'(14)) BESTX2
698 WRITE (C-THF,'(14)') BESTX3
699 WRITE (CSCALE,/(F6.3)") SCALE
700 X1-30
701 X2-220
702 X3-240
703 X4-260
704 X5-280
705 X6=263
706 X7=300
707 X8=320
708 X9-310
709 XI0-340
710 Xl1-360
711 x12-395
712 CALL ZCOLR(l)
713 CALL ZMOVE(X3,Xll)
714 CALL ZTEXT(18,1811 HPLC OPTIMIZATIa4)
715 ChLL Zf.IOVE(X4,X10)
716 CALL ZTEXT(14,14H DATA ANALYSIS)
717 CALL ZMOVE(X3,X8)
718 CALL ZCSIZ(5.5,9.0)
719 CALL ZTEXT(30,DATE)
720 CALL ZNOVE (X4,X7)
721 CALL ZTEXT(9,9H COLUMN :)
722 CALL ZMOVE (X9,X7)
723 CALL ZTEXT(15,ICOLUMN)
724 CALL ZMOVE(X4,X5)
725 CALL ZTEXT(9,9H SAMPLE :)
726 CALL ZMOVE (X9,X 5)
727 CALL ZTEXT( 5,ISAMPLE)
728 CALL ZMOVE(X4,X4)
729 CALL ZTEXT(26,26H THE BEST COMPOSITION IS
730 CALL ZMOVE (X4, X3)
731 CALL ZTEXT(23,2311 t4-EOH ACN THF)
732 CALL ZMOVE(X5,X2)
733 CALL ZTEXT(4,I MEOH)
734 CALL ZTEXT(I,Ii%)
735 CALL ZMOVE(X8,X2)
736 CALL ZTEXT(4,I ACII)
737 CALL ZTEXT(l,EIl%)
738 CALL ZHOVvE(Xl1,X2)
739 CALL ZTEXT(4,I THF)
740 CALL ZTEXT(1,lIT%)
741 *
742 * PLOT WORST RESOLUTION POINTS *
"743 *
744 CALL ZCOLR(1)
745 DO 535 I=1,PET41PT
746 IIX=PENlX(I)
747 ;WIY=PENIY(I)
748 CALL Zr1OVE (WX,WY)
749 CALL ZVIARK(8)
750 535 CONTINUE
751 CALL ZMOVE(Xl,X11)
752 CALL ZMARK(8)
753 CALL ZTEXT(15,1511 RESOLUTION <
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754 CALL ZTEXT(6,ISCALE)
*755 CALL ZMCUR

756 CALL ZCOLR(1)
757 WRITE (CSCNLE, (F6.3) ) SCALE*2
758 DO 540 Iw1,PEN2PT
759 WX-PEN2X(I)
760 WY-PEN2Y(I)
761 CALL Z1WOVE(WX,WY)
762 CALL ZM4ARK(3)

*763 540 CONTINUE
764 CALL ZMOVE(X1,X10)
765, CALL ZMARK(3
766 CALL ZTEXT(15,15H RESOLUT10ON <
767 CALL ZTEXT(6,ISCALE)
768 CALL zmcuR
769 CALL. ZCOLR(2)

*770 WftITE (CSCNLE,-(F6.3)') SCAkLE*3
771 D0 545 I-l,PE143PT
772 WX-PEN3X(I)
773 WY=PE!43Y(I)
774 CALL ZMOVE(lfX,WY)
715 CALL ZNARK(6)
776 545 CONTINUE'

778 CALL ZMARK (6)
719 CALL ZTEXT(15,1511 RESOLUTION <
780 CALL ZTEXT(6,ISCALE)
781 CALL ZMCUR
782 CALL ZCOLR(3)
783 WRITE(CSCALE,-(F6.3)') SCALE*3.75
784 DO 550 I=1,PEN4PT
785' WX-PEN4X(I)
786 WY=PEN4Y (1)
787 CALL ZMOVE(WX,WY)
788 CALL ZMARK(9)
789 550 CONTINUE
790 CALL ZI4OVE(X1,X7)
791 CALL ZrIARK (9)
792 CALL ZTEXT(15,15iI RESOLUTION <
793 CALL ZTEXT(6,ISCALE)
794 X=G1.(100-OEsTXJ) *G2/200+ (DESTX2*G2/200)
795 Y=G1+ (BESTX1*G2*SQRT(3.0)/200)
796 CALL ZCOLRM4

* 797 CALL Zt4OVE(X,Y)
798 CALL ZM¶ARK(4)
799 CALL ZMARK(2
800 WRITE (CSCALE,'(F6.3)') SCALE*4.0
801 CALL ZrIOVE(X1,XS)
802 CALL ZMARK (4)
803 CALL Zt4ARK(2)
804 CALL ZTEXT(]5,1511 RESOLUTION
805 CALL ZTEXT(f.,ISCALE)
806 CALL ZMOVE(X12,X6)
807 CALL ZMARK(4)
808 CALL Z!4ARK(2)
809 CALL ZMCUR
810 CALL WDEND
811 CALL ZEND
8 12 WRITE (1,591) ESC,ESC,ESC ICLEAR THE REVERSE VIDIO
813 '590 FORMAT(A1,'&dC PLOTTING! PL07TINGI PLOTTING! ,A1, 'S
814 591 F ORM A T(A 1, 'AA I, -J A1I, 1'B
815 RETURN
816 END
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* ~817'
* ~818 "' " SUBROUITINE TO PLOT LINES OF RESOLUTION '' "
* ~819'

820 $EMh /TWO/,/THREE/,/FOUR/,/SIX/
821 SUBROUTINE LCLINE
822 COMMON A)NEj'NUMPEAK,DATE, BESTX1,BESTX2,BESTX3 ,PEAKNAME

*823 COMMON /THREE/RESOLUTION
824 COMMON /F IVE/PEN1IPT, PEN 2PT, PEN3PT, PEN4PT, I SMlL E, ICOLU!MN,

*825 1 I MEOIJ,I THF,I ACN,ISCALE
826 CORMON /SYX/XARITAY ,YARRAY, PARRAY, QARRAY

*827 COMMON ESC,FF,LU
828 INTEGER NUMPEAK,DATE (15) PENlPT,PEN2PT,PEN3PT,PEN4PT,

* 829 1 ISAr4PLE(8),ICOLUMN(8),l ?4ECH(2),I THF(2),I ACI(2),ISCALE(3),
*830 1 PAGE, PLOIT,XA RRAY(10 1) , YXRRAY (10 1) PARRAY (161) ,)ARRJ'Y (10O1)

831 REAL RESWAN4T,RESOLUTION(7,35,3,5),
832 1 XB(0:10),YB(0:10),XL(0:10),YL(0:10),XR(0:10),YR(0:10)

*833 CHARACTER PEAKNAME(35)*15,CSAH4PLE*16,CCOLUMN*16,CSCALE*6
834 CIIARAC-rER *1 ESC,FF,QUEST
835 EJUIVALENCE (C lIEOlH,I ME.1E1), (C TllF, I TIIF) ,(C ACt4,I AC4),
836 1 (CSAMIPLE,ISA?1FLE) ,(CCOLUIMN,IC5LUMN)7,(CSCALE-,ISCALE)
837
838 ******************** **************h*
839 *PLOT LINES OF RESOLUTION4

*840 600 WJRITE (1,*(w W1hAT IS T1lE MhINIMWr4 RE9OLUTIO4; DESIRED? "'
841 READ *,RESWANT
842 WRITE (1,870) RESWANT
843 PAGE-2
844 WRITE (1,887) ESC,ESC I CLEAR THE SCREEN

*845 IIRITE(1,888) DATE,CCOLUMN,CSAMPLE,ESC,ESC 1PRINT HEADING CN 9876
* 5846'
- 8947 ""'GET BETA VALUES

848'
*849 DO 750 1=1,NUr¶lPEAK-1

850 DO 745 J-I+1,NUMPFAK
-851 WRITE (1,886) ESC I TURN OFF GRAPHICS DISPLAY

852 DETAl - RESOLUTIO-1 (1#1#J)
853 DETA2 - RESOLUTIO:J (2,1,J),
854 BETA3 - RESOLUTION (3,1,J)
855 BETA4 - 4.0*RESOLUTIOtl (4,1,J) - 2.0*(BETAI1+BETAN2)
856 I3ETA5 = 4.0*RESOLUTION (5,1,3) - 2.0' (BErAl-.-lET.N3)
857 BETA6 -4.0*RESOLUTION (6,1,J) - 2.0*(Bs'rA2+I3ETA3)
858 BETA7 = 27.0kR~ESO1UTI0Nc7,1,J) - 12.0*(RESOLu'riON(4,I,J) +
859 1 RESOLUTION(5,I,J)+RESOLUTIOII(6,1,J))+3.0'(BETA1+BETA2+BETA3)

861 CHECK FOR RESWArZT, -RES14AN-r, AND 0

863 Y-0
864 PLo~r 0
865 liARK=1
866 13=INDEX (PrNKNAME (1)
867 IF (13.GT.15.0R.13.LT.1) 13=15
868 it CLEAR Tim SCREEN AN4D PRINT TriiE PREAK PAIR
869 WRITE (1,871) ESC,ES-C,PEAKNAME(I)(:13) PEAKJAME(J)

-870' WRITE (1,872)Y
'871 GOTO 620
872 610 IF' (PLOT.EQ.1) COTO 640

873 Y= REswAwr
874 WRITE (1,872)Y
875 MARK=2
876 GOTO 620

-877 615 IF (PLOT.rQ.1) GO)TO 640
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878 oiewa
(;79 WRITE (1,872)Y
Bo88 MARK-3
881
882 ***4** MKES PLOT DECISION FOR A'PENK PAIR " "

883
884 620 DO 635 IX-0,100,2
OSS XL-IX/100.
886, Ci-DETA3+ (BETAI-BETA3+3ETA5-DETA5*Xi) 'XI
887 C2-OETAk2-DETA3+BETA6+(BETA4-DETAS-BETfA6+DEA7-
888 1 BETA7*Xi) Xl

*889 C3=0-BETA6-BETA7*Xl
890 A-C3
89ý BwC2

*892 CmCi-Y
893 D-BB-4*A*C

-894 IF (D.LT.0) GOTO 635
895 S-SQRT(D)
896 R1- (0-8+S)/ (2* P0
897 R2-(0-B-S)/(2*A)
898 IF (Ri.LT.0.OR.Ri.GT.i) GO70 625

*899 QL-XL+Ri
900 IF (Qi.GT.i) GOTO 625
901 PLOT-i

*902 625 IF (R2.LT.0.OR.R2.GT.i) GOTO 630
*903 02=X1+R2

904 IF (02.GT.1) GOTO 630
905 PLOTs,

*906 630 IF (PLOT..EQ.1) GOTO (610,615,640) MARK
*907 63. CON~TINUE
*908 GOTO (610,615,640) MARC
*909 640) IF (PAGE.GT.I.AND.PLOT.EQ.I.A~ID.J.GT.2) THEN
* 910 WRITE (1,873) kESC,ESCESC,ESC I FORM FEED FOR 9876
*911 PAGE-i

912 ELSEIF (PAGE.GT.'3) THEN
-913 WRITE (1,873)'ESC,ESC,ESC,BSC i FORM FEED FOR 9876
*914 PAGE-i
*915 ENDIF

916 WRITE (53,874) PEAKNAME(I)(:13),PEAKNAME(J),'
917 1 DETAI,BETA2,BETA3,DETA4,BETA5,BETA6,BETA7 I OUTPUT TO 9876
918 WRITE (53,891) 1 OUTPUT TO 9876
919 Xl=0.0
920 X2-ý0.0
921 X3=.l. 0
922 Y-BETA1'XI+BErA2*X2+BETA3'X3+BETA4*Xl'X2413ErA5*XlX3+
923 1 BE~rA6*X2*X3+DETA7*Xl*X2*X3
924 %AITE (53,875)XliiOO.,X2*1OO.,X3*100.,Y I OUTPUT TO 9876

*925 X1-0.0
*926 X2-1.0
Se927 X3-0.0

-928 Y-DETAi'XlýBETA2*X2+BETA3*X3+BETA4*XI*X2+BETA5*Xl*X3+
*929 1 3E~rA6*X2*X3+BETA7*X1'X2*X3

930 WIE(53,875)XI'100.,,X2*100.,X3*100.,Y IOTU O97
931 X1=1.0

*932 X2=0.0

934 ~Y=BETA1'X 1+aE~rA2*X 2+BCtTA3*X3+BETA4kXl'X2+DC'rA5'X1'X3+
* 935 1 ETA6*X2ftX3+13!TA7*X1*X2*X3

936WR.TE (53,875)Xl1i00.,X2*100.,X3*100.,Y I OUTPUT TO 9876
97WRITE (53,891) 1 OUTPUT TO 9876
938PAGE =PAGE+ 1
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939 IF (PLOr.ut.1) GOTO 740
940 WRITE (53,876) 1 OUTPUT TO 9876

* 941 *' PLOT TRIANGLE ON. CRr
942 GI-10.
943 G2m400.
944 Y INCRmG2*(S0RT(3.)/2)/iO.
945 DR3, 645 11-0,10
946 P-11
947 X ( II)I NT (GI+ (y Y PtIC RL*'F(SQ0RT(3. 0)/2)
948 YO(11) -TNT (Gl)
949 XL(I1)-INJT(G1+(Y 1'ICR*F )/(SORT( 3. 0)/1))
950 YL(Il).INT(Gl+(Yr'INCR*F))
951 XR.(11)1 .1T (G I+ (Y ItJCR*104Y INCR*F)/(S3UA113.0)/1))

953 645 CONTINUE
954 C CLEAR SCREEN AND INITIALIZE 2648 GRAPHIICS
955 WRITE (1,877) ESC,E!-CESC.EoSC
956 U41slO/2
957 D0 650 N1=0,5 IDRAW TRIAfKLE OtI THE C~R
958 WRITE (1,878) rSC.XL(Nl),YL(f41)I
959 WIRITE (1,880) E3C,XD(til),Y3(NI),ESC,Xfl(.I1),YR(Nl)
960 IF (rN1.LT.Lrl1) THEN
961 3 2- 10-t31I
962 WJRITE (1,880) ESC,XL(N2),YL(N2),ESC.Xt1(N,2),YB(N2),
963 1ESC,XR(N2),YR(N2)
964 FNDIF
965 WRITE (1,880) E5C,Xl,(1j1),YL(Nl)
966 650 CON4TINUL
967 WRITE (1,879) ESC,E5C,ESC,ESC I LADJLE THE THI AN(.L.E
968

F ) 69 PLOT LINCS OF RESOLUTION
* ~970*

971 Y*RCSWANT
972
913 GOTO 70 0
974 655 Y-0
975 ?IARK-2
976 GOTO 700

*977 660 Y=-PCSVIANT
978 MIARK =3
979 ******** C7ALCULATrES PREDICTED RESOLUTION VALUES
980 700 N-1
981 , f-1
982 DO 715 X-0,IC0-
983 XI=X/loc

984 C1=BTA3+(Drt'rA1iBoET3+nC~rA5-oET5*Xl)*Xl
985 C2-DETA2-DET'%3413ETA6+(BETh4-I3ETA5-DE'TA6+BE'FA7-
986 1 3FTA7*Xl)*X1
987 C3s0-5ETA6-BETA7*Xl
9B8 A-C3
989, B-C2
990 C=c1-Y
991 O=0*B-4*A*C
992 IF (U.LT.0) GOTO 715
993 S-SQRT (D)
994 Rl- i0+S3)/ 2*A)

*995 R2- (0-13-S)/(2*A)
996 7r5 IF (Rl.LT.0.GR.Rl.GT.1) COTO 710
997 QI-X14R1
998 *IF (QI.GT.!,) GOTO 7i0
999 X2=1-QI
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1000 X3-R1
, 1001 XARRAY(N)-Gl+(X3+X1/2)*G2

1002 YARRAY(N)-GI+X1*G2*SQRT(3.0)/2
1003 N-N+l
1004 710 IF (R2.LT.O.OR.R2.OT.1) GOTO 715
1005 Q2,,Xl+R 2
"1006 IF (Q2.GT.1) GOTO 715
1007 X2-1-Q2

. 1008 X3-R2
, 1009 PARRAY(M)-Gl+(X3+X1/2)*G2
. 1010 QARRAY(N) -GI+(X1*G2*SQRT(3.0)/2)

1011 M-M+I
1012 715, CONTINUE
"1013 IF (N.LT.3) GOTO 725
1014 XMOVE-XARRAY (1)

. 1015 YHOVE-YARRAY (1)
- 1016 "A DRAW RESOLUTION LINES ONTO TRIANGLE
" 1017 DO 720 18=2,N-1
S1018 XDRAW-XARRAY(18)

1019' YDRAW-YARRAY(18)
1020 C DRAW RESOLUTION LINES
1021 WRITE (1,878) ESCX4OVE,YMOVE
1022 WRITE (1,880) ESC,XDRAWYDRAW
1023 XIOVE-XDRAWl
1024 YIOVE-YDRAW
1025 720 CONTINUE
1026 WRITE (1,881) ESC,Y
1027 725 WRITE (1,882) ESC
1028 IF (M.LT.3) GOTO (655,660,735) MARK
"1029 XMOVE-PARRAY (1)

" 1030 YIOVE-QARRAY (1)
" 1031 DO 730 18-2,'4-1

1032 XDRAW=PARRNY(18)
' 1633 YDRAW=QARRAY(I8)

1034 C DRAW RESOt;UTIO'4 LINES
1035 WRITE (1,878) ESC,XC4OVE,YMOVE
1036 WRITE (1,880) ESC,XDRAW,YDRAW
1037 X'IOVE-XDRAW
1038 YMOVE-YDRAW'
1039 730 CONTINUE
1040 WRITE (1,881) ESC,Y I PRINT RESOLUTION ON TRIANGLE
1041 WRITE (1,882) ESC I TURN OFF GRAPHICS TEXT
1042 GOTO (655,660,735) HARK
1043. 735 WRITE (1,883) ESC,ESC I TRANISFER GRAPHICS TO 9876 VIA RIPI8
1044 CNLL WAIT (37,2) 1 WAIT FOR RASTER DUtIP TO FINISH
1045 WRITE (1,873) ESC,ESC,ESC,ESC I FORM FEED 9876
1046 PAGE-i
1047 IF (PLOT.EQ.1) GOTO 745
1048 740 WRITE (53,884) PEAKNAME(I)(:13),PEAKNAME(J),RESWAN'T
1049 745 COtiTINUE,
1050 750 CO•ITINtUE
1051 VRITE (1,885)
1052 WRITE (1,886) ESC I TURN OFF GRAPHIC•S DISPLAY
1053 READ (1,890) QUEST I DUMMY TO TAKE *S" FROM PRINTER
1054 WRITE (1,089) ESC,ESC I ERASE "S" FROM SCREENt
1055 REND 1,890) qUEST
1056 IF (QUEST.NE. Y') RETURN
1057 GOyro o00

- 1058 870 FOR'tAT (//,'PEAK PAIRS ALWAYS RESOLVED GREATER THAN ",F5.2,
1059 1' WILL BE IGNOPEDI *)

. 1060 871 FORMAT (A1,'1 ,Al,'J,//,'FOR PEAK PAIR A,,15,'- ,A15)
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* 1061 872 FOR'IAT (/f, 'CHECKIMG FOR RCSOLUTION OF *,F5.2)
1062 873 FOR!IAT(Al,,'Y',Al,'-U',%l,'Z',.Il,.&p3s5dB')
1063 874 FOfr4AT(//,Tl5,'FOR PEAKI PAIR ',A15,'- ',Ai5,//,r25,'3ETA -
1064 1 'COF~FFICIENTS (1-7) ./,TlO,7F8.3,//,T23,'MEOII*,T37,'ACN.',T52,

*1065 IT1TF,T65,'P.SOLUTTO`4')
1066 875 FOIRIAT(T22,I4'%',T36,14,i%',T51,J4,'%',T61,F12.3)

*1067 876 FORIIAT (//,' ,/
*1068 877 FORMIAT (JN1,'11l,A1,-J-,A1,''m2a 0,0 jlbZ*.Al,**dachlntZ'

1069 870 FORIAT (A1.'*pah',214,'Z*)
1070 879 FORZIAT(Nlp'*d 0,03 okSTIIF',Al,'*d 400,0 OACN',A1,"*d 230,350
1071 1 'M~eOht' Al,'dlT')
1072 880 FORMIAT (A1,'aqbhV,214,Z')
1C73 881 P0M-1AT.(Al. '*dsZ',F 5.2)
1074 882 FORMIAT (A1,-*dtZ')

*1075 883 FOPIAT (A1,'&p5D',Al,'&p5u0C')
*1076 884 PO~rIAT ('PEAK PAIR ',R15,<- %,A15,' IS ALWAYS RESOLVED

1077 1 RETTER THAN ',F5.2,//)
1078 885 FORP-1AT (/, 'DO'YOU WANT TO PLOT A DIFFERENT RESOLUTION? '
1079 886 FORA1AT(A1,,'*dD')

*1080 887 FO~r4AT(Ak1,'11',l%1,'J')
-1081 888 rOfv.4AT (T30,'H1PLC OPTIMIZATIONC,/,T23,15A2,/1/,T32,

1082 1 DATA ANALYSIS'.I,T20,<COLLI!4N :',A16,T45,'SAM.PLE :',A16,//.,
1083 1T2,//,A1,<Il',A%1,*&p3s5dF')
1084 8,89 FOM1AT (l,% 'A-,A1,'J')
1085 890 FOM~AT (Al)
1086 891 FORFIA'Z' (Til7 ----------------------------------------

1087 1'- -----------I

1088 END
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